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Inununological Detection of Prions 



Field of the Invention 

The present invention relates to monoclonal antibodies reacting with certain 
epitopes of recombinant bovine prion protein, native and denatured normal or disease- 
specific prion proteins in soluble or insoluble state, stable hybridoma cell lines producing 

10 these monoclonal antibodies, recombinant expression vectors for the expression of 
recombinant bovine prion protein, purified recombinant bovine prion protein, a test kit for 
the diagnosis of prion diseases, diagnostic methods for the immunological detection of prion 
diseases, pharmaceutical preparations for the prevention and therapy of prion diseases, a 
method for clearing biological material from infectious prion proteins, and methods for the 

15 production of these materials 



Abbreviations used hereinbefore and hereinafter are the following* 



BSA 


bovine serum albumin 


BSE 


bovine spongiform encephalopathy 


CSF 


cerebrospinal fluid 


CJD 


Creutzfeldt-Jakob disease, 


ECL 


enhanced chemilurninescence 


EDTA 


ethylenediaminetetraacetic acid 


ELIFA 


enzyme linked immuno filtration assay- 


ELISA 


enzyme linked immuno sorbent assay 


Fab 


fragment of antibody digested with papain 


(Fab')2 


fragment of antibody digested with pepsin 


FF1 


Fatal Familial Insomnia 


GPi-anchor 


giycolipid-anchor which „ties" PrP to the ouside of the cell memb 


GSS 


Gerstmann-Straussler-Scheinker disease 


H(A)T-medium 


hypoxyanthine-(aminopterin)-thymidtne medium 



WO 98/37210 PCT/KP98/009I7 

! IIiIM-.S Iwdrowcthvl-ptpera/meelhane sulfonic acid 

UPLC high pci formance liquid chromatography 

lgG immunoglobulin (i 

IPTG isopropyl-fl-D-lhiogalacloside 

mAB monoclonal antibody 

MOPS etioi pholinepi opancsulfoaic acid 

NC nitrocellulose membrane 

o/n overnight 

PBS phosphate-buflered saline 

PCR polymerase chain reaction 

prion proteinaceous infectious particle, the infectious agent of prion diseases, 

supposedly consisting at least of PrP Sc and maybe another yet unknown 
molecule 

f* r P prion protein, refers to the common amino acid sequence rather than to a 

distinct conformation of the two prion protein isoforms 
p r p0/0 _ m j ce mice lacking a functional PrP gene 

PrP c a normal host prion protein of unknown function, apparent moleculai 

weight 33-35 IcDa, same amino acid chain, and same glycosylation at two 

asparagine residues as PrP Sc , is after proteinase K treatment fully 
digested 



PrpSc the disease-specific, abnormal isoform of PrP c , with the same amino acid 

chain, apparent molecular weight 33-35 kDa, glycosylated at two 
asparagine residues, is after proteinase K treatment shortened to a 27- 

30 kDa C-terminal fragment. Species-specific PrP Sc isoforms term: 
human PrP Sc (instead of PrP CJD ), bovine PrP Sc (instead of PrP BSE ) etc 
rbPrP recombinant bovine prion protein (amino acids 25 to 242 of the bovine 

PrP gene according to Goldmann et al. 1991; with an additional N- 
terminal methionine) expressed in E. coli comprising the bovine PrP open 
reading frame except for the N-tenninal signal sequence and the C- 
terminal GPI-anchor sequence, both are cleaved of during cellular 
processing Since this protein is not glycosylated it has a molecular weight 
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of 23 kL> 

room temperature 

scrapie-associated fibrils, same as rods plaque-like multimeric PrpSC 
aggregates 

sodium dodecyl sulfate 
Tiis-bufFered saline, Tween 20 

tetramethylbenzidine 

Prion diseases are transmissible neurodegenerative diseases of the central nervous 
system (for review see Prusiner, 1991) They can be transmitted, inherited oi occur 
5 sporadically and are observed in animals (e.g bovine spongiform encephalopathy [BSE] in 
cattle, scrapie in sheep) as well as in humans (Creutzfeldt-Jakob disease, Gerstmann- 
Straussler-Scheinker syndrome, Fatal Familial Insomnia, Kuru) Prion diseases have a 
characteristically long incubation period and, with the onset of clinical symptoms, lead to 
ataxia, dementia, psychiatric disturbances and sleeplessness before inevitable death occurs. 

10 Neuropathologies changes include vacuolar degeneration of brain tissue, astrogliosis and 
amyloid plaque formation. In the infected subjects, neither a systemic immune response, nor 
an obvious specific immune response like antibody production to PrP has been observed 
(Kasper et al., 1982, Garfin et al., 1978) however, some unspecific activation of immune 
cells in the brain was reported (Williams et al., 1995; Williams et al., 1994). 

15 The infectious agent appears to exist in a -variety of strains, which cause distinct 

incubation times and histopathology (Bruce et al., 1994; Hecker et al., 1992). Transmission 
of prion diseases is possible between species and most easily within the same species 
(Prusiner, 1991). 

The infectious agent, the prion, is associated with a disease-specific protein, PrP$ c , 
20 that is an abnormal isoform of a host protein, PrP c (Oesch et aL, 1985, Basler et al , 1986) 
Both, PrP Sc and PrP c , have an apparent molecular weight of 33-35 kDa on SDS- 
polyacrylamide gels They have the same amino acid sequence and are glycosylated at two 
asparagine residues (Oesch et al . 1985) After proteinase K treatment, PrPSc j s shortened 



Ri 
SAP 

SDS 
TBST 

TMB 
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U) a chaiacieiiMic 27-U)kl)a fragment while Pi P ( is iuilv digested (Bolton et al . i ( )8Z 
Oesch et al , IWS) this led to the conclusion that the disease-specific isoform PrpSc K 
partially protease lesistant while the noimal host isoibim Ptl ,( is not 

Studies on the synthesis and localization of the two PiP isofoims in cultured 
* cells have shown that PrP c is attached to the cell surface by a giycosyl phosphatidylinositol 
(GPI) anchoi while PiP Sc accumulates intracellulaily within cytoplasmic vesicles (Stah) et 
al, 1987) Anothei difVerence between PrP c and PrP$ c is teflected in their three- 
dimensional staicture PrP Sc has less alpha helical secondary structures and increased beta 
sheet content as compared to PrP c (Pan et al., 1993) So far, no chemical differences 
10 between the two isoforms have been observed (Stahl et al , 1993) In summary, PrP Sc and 
PrP c have the same amino acid sequence but a different folding The misfolded pi ion 
protein is associated with infectivity and neurotoxicity 

The infectious agent is inactivated by treatments which denature proteins while 
reagents destroying nucleic acids have no effect (Diener et al , 1982; AJper et al., 1978) In 
15 addition, no single nucleic acid capable for coding a protein has been purified until date 
(Riesner et al , 1993) This has lead to the hypothesis that PrP Sc itself might comprise the 
infectious particle (Griffith, 1967; Prusiner, 1982). According to this hypothesis, replication 
of infectivity is achieved by the replication of the pathogenic conformation It is supposed 
that infectious PrP Sc molecules convert the normal host protein PrP c to the PrP Sc 
20 conformation (Cohen et al , 1994). Conversion of PrP c to PrP Sc was claimed to have been 
achieved /// vitro theiby mimicking species and strain characteristics comparable to the 
conversion dynamics //; vivo (Kocisko et al., 1994; Bessen et al , 1995) However, these m 
vitro converted PrP Sc molecules have, to date, not shown to be infectious 

The function of the normal host protein, PrPC i s unknown. Mice devoid of PrP c 
25 are viable and show no obvious signs of neurological and physical impairment (Bueler et al , 
1992) In addition, these mice are not susceptible to infection with prions, underlining the 
central importance of PiP in the replication of infectivity and/or pathology of these diseases 
(Bueler et al , 1993, Prusiner et al., 1993) More subtle investigations of PrP knockout mice 
revealed impaired synaptic function (Collinge et al , 1994) and altered sleep regulation 
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{ 1 oblet et al . 1996) However a molecular function of IMP* could not he deduced from 
these findings 

1*11011 diseases have gained public interest with the appearance of BSE in the early 
^ eighties in Great Britain (Hope et al . 1988), for review see (Wells and Wilesmith, 1995) 
The disease is supposed to have been transmitted by feeding pnon-coiUaminaied meat and 
bone meal to cattle It is thought that BSE prions originated fiom sciapie-diseased sheep by 
crossing the species barrier fiom sheep to cattle BSE has caused an epidemic of 
considerable importance for both, public health and cattle-dependent economy Remaikably, 
to no diagnostic method suitable for mass screening of infected tissues of cattle has been 
developed to date 

Initial diagnosis of prion diseases classically relies on the appearance of clinical 
symptoms A definitive diagnosis is made by the observation of neuropathologies! changes 
in the medulla oblongata In few cases, BSE has been shown to be transmissible to other 
15 cattle, sheep, pigs and mice Modern diagnosis additionally uses immunological detection of 
PrpS c in brain sections Since can be detected in the CNS after half of the incubation 

time in experimentally infected laboratory animals (Jendroska et al , 1991, Hecker et al , 
1992), it may serve as an early marker of infection. Hence, specific and sensitive detection 
of p r pSc 

allows the identification of infected animals at a subclinical stage and will help to 
20 reduce possible human health risks. By autumn 1996, the BSE epidemic has killed over 
160'000 cows in Great Britain alone. In the absence of a diagnostic test, only cattle with 
clinical symptoms were sorted out from being further processed, allowing a gieat number of 
BSE- infected cattle to enter the human food chain (Anderson et al , 199G). This lead to the 
suspicion that the appearance of a new variant of Creutzfeldt-Jakob disease in Great Britain 
25 was caused by transmission of BSE to humans (Will et al , 1996, Collinge et al , 1996) A 
sensitive detection method for bovine PrpSc will allow the identification and removal of 
subclinical BSE-cases from the human food chain 

Oesch et al (1994) have used a procedure that allows to quantitate the disease- 
specific isoform of PrP in hamsters The procedure is based on an ELIFA (enzyme-linked 
m\ immuno-filtration assay), and is adapted to the particularities of the prion protein, especially 
the poor solubility of the disease-specific isoform that has made application of conventional 
ELISA techniques difficult This procedure (described in detail below) allows for testing of 
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thousands of samples and is thus appiopnate foi mutine sueenmg of animals and humans 
f cm pi ion diseases 

(agiiavmi et 3! (WO 93/23432) descnbe a method for detecting soluble prion polypeptides 
The drawback of this method is that the inventors claim to delect prion poypeptides that are 
i soluble in vivo, however, it is known since a long time that the disease-associated prion 
protein Prl^c is insoluble in vivo State of the ait is that insoluble PrP Sc has to be 
solubilized in vitro to be detected by immunological methods Tagliavini et at state (page 3, 
row 31) „ such truncated scrapie proteins have not been found to exist in vivo in 
substantially soluble form" Furthermore, the inventors give an example wherein they show 

10 soluble prion polypeptide fragments in the cerebrospinal fluid (CSF) of patients that do not 
suffer of the human prion disease CJD but of other unrelated diseases. However, the 
inventors do not show in vivo soluble protease-iesistant prion polypeptides which would 
prove their hypothesis about the existence of disease-specific prion polypetides in CSF In 
addition, to show prion polypeptides in CSF they use an immunoblot (Western blot), this 

15 technique is not appropriate to detect naturally occuring soluble prion polypeptides, since 
the immunoblot technique requires solubilization of proteins in vitro prior to gel 
electrophoresis. This procedure would then soiubiiize even insoluble prion polypeptides that 
would be suspended in CSF. 

Major shortcomings for the immunological detection of PrP have been the 

20 unavailability of excellent antibodies able to detect the native disease-specific prion protein 
(Kascsak et aL, 1987; Barry and Prusiner, 1986; Takahashi et al., 1986; Barry et al , 1986) 
in particular, native PrP Sc was invisible to antibodies (Serban et al., 1990). Furthermore, no 
monoclonal antibodies recognizing the bovine PrP were available. The reason for the 
difficulties in raising monoclonal as well as polyclonal antibodies is the highly conserved 

25 amino acid sequence of PrP in mammals which apparently prevents an antibody response 
against most epitopes. 

Kascsak et aL, (1987) describe the monoclonal antibody 265K3F4 produced by hybridoma 
cell line ATCC HB 9222 directed against scrapie-associated fibril proteins. The drawback of 
this method is that by immunizing wild-type mice with PrP, due to self-tolerance, an 
M) antigenic reaction against many epitopes is suppressed The inventors immunized wilde-type 
mice with purified scrapie-associated fibrils (SAP), SAF are multimeric complexes 
consisting of PrP Sc that are purified by a ultracentrifugation The inventors describe an 
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antibody, tcnncd U-4, that binds only to hamster and human Pi I* Hirthemn. the antigen has 
to be denatuied either bv kumic acid or SDS to be detected It is stated (Kascsak et ai 
i987) that the 3M antibody binds lu undenatured SAP 1 0-fold weaker than to foimic acid- 
denatured SAP Ilowevei, the 3R antibody does not distinguish between PrP^- and PrP^ c 
s Williamson et al ( 1996) have tried to circumvent the lack of an immune i espouse to 

a highly conserved protein by immunizing transgenic mice lacking PrP (PrP^-mice) with 

PrP, however, without success These authors state that after immunizing PrP^^-mice with 
PrP „ killing these mice for hybiidoma production has repeatedly yielded hybiidoma cells 
that failed to secrete anti-PrP antibodies beyond a period of 48h" They presume that during 

to the 48 hours after the fusion anti-PrP antibody-secreting clones either are suppressed to 
secrete further antibodies or die because of an interaction of the secreted antibodies with 
cell-resident PrP Williamson et al tried to circumvent this problem by isolating antibody- 
coding RNA and constructing recombinant antibodies by the phage display technique They 
obtained several recombinant antibodies which bind to non-denatured mouse prion rods 

15 (PrPSc) in the ELISA technique, however, much weaker than to denatured iods and only if 
substantial amounts of rods were bound to the wells (0.2^g/weli incubated with 5p_g/ml 
antibody) However, these recombinant antibodies do not detect native PrP$ c in non- 
denatured histoblots. Thus, the necessity of purifying PrpSc before antibody detection 
complicates the use of their immunolgical detection method. 

20 Krasemann et al (1996) have made monoclonal antibodies by means of 

immunizing PrP 0/0 -mice. After DNA-immunization by injecting the DNA coding for the 
human prion protein directly into a regenerating muscle the mice were subsequently boosted 
with Semliki Forest Virus particles containing recombinant human prion protein. The 
authors present hybridoma cell lines producing monoclonal antibodies that bind to the native 

25 and denatured normal human prion protein The binding of these antibodies to the native or 
denatured disease-specific prion protein, however, is not demonstrated Furtheron, the 
obtained antibodies bind to a peptide ELISA system, however an ELISA to normal or 
disease-specific prion protein is not shown 

We are now the first to show that immunization of PrP knockout mice with 

30 highly purified recombinant PrP followed by fusion of splenocytes from these mice with 
myeloma cells resulted in hybridoma cell lines that secrete highly specific antibodies to both 
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PiP isofoims (PiP^ and PiP^ c ) in then native as well as denatuied slate On the basis of 
these antibodies, highly specific immunological testing for pi ion disease was developed 

Object of the Invention 

It is an object of the present invention to overcome the dtawbacks and failures of 
pnor art and to provide monoclonal antibodies from stable hybiidoma ceil lines which can 
be used in the diagnosis and therapy of prion diseases 

Summary of the invention 

Surprisingly the diawbacks of the prior art can be overcome by immunization of 
p r p0/0 knockout mice with highly purified recombinant PrP followed by fusion of 
splenocytes from these mice with myeloma cells The resulting hybridoma cell lines are 
surprisingly stable and secrete highly specific antibodies to both PrP isoforms (PrPC and 
PrpSc) i n their native as well as denatured state. The obtained antibodies are very useful for 
the development of highly specific immunological tests for prion diseases and other 
purposes. 

The present invention concerns a monoclonal antibody or a fragment thereof capable 
of specifically binding to recombinant bovine prion protein, and native and denatured 
normal PrPC or disease-specific prion protein PipSc \ n an antigen-antibody complex. 

Tiie present invention concerns further an antibody or a fragment therof capable of 
specifically binding to the binding region (idiotype) of said antibody 

The present invention concerns further a hybridoma cell line capable of producing a 
monoclonal antibody capable of specifically binding to recombinant bovine prion protein, 

and native and denatured normal PrpC or disease-specific prion protein PrP$ c in an 
antigen-antibody complex 

The present invention concerns further a recombinant expression vector for the 
expression of recombinant bovine prion protein. 

The present invention concerns further a highly purified recombinant bovine prion 
protein, which may be in reduced or oxidized form. 

The present invention concerns further a method for the production of an antibody 
as mentioned above, comprising culturing a hybridoma cell line as mentioned above and 
isolating the monoclonal antibody from the supernatant 
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I lie present invention concerns knthcr a method foi the piocluction ol a hybndoma 
cell line as mentioned above, comprising administering to PipO/0 mice ( knocktmt mice 
without a functional PrP gene) an immunizing amount of recombinant pi ion protein as 
mentioned above, removing the spleen from the immunized mice, recovering splenocytes 
^ theicfrom, fusing the latter with P3X63Ag8U 1 hybridoma cells ATCC CRL 1597, growing 
the ceils in a selection medium, screening the ceils with recombinant PrP and isolating the 
positive cells 

The present invention concerns further a method for the production of an expression 
vector as mentioned above, comprising amplifying DNA from bovine genomic DNA coding 
It) for PrP by means of N- and C- terminal primers, and inserting the amplified DNA coding for 
PiP in the correct reading frame into an expression vector 

The present invention concerns further a method for the production of recombinant 
bovine prion protein comprising culturing microorganisms or cell lines with an expression 
vector as mentioned above in an appropriate culture medium and isolating and purifying the 
15 recombinant protein. 

The present invention concerns further a test kit for the diagnosis of prion diseases 

The present invention concerns further an immunological detection procedure for 
the diagnosis of disease-specific prion proteins 

The present invention concerns further a pharmaceutical preparation for the therapy 
20 and prevention of prion diseases comprising a monoclonal antibody as mentioned above and 
pharmaceutical carrier. 

The present invention concerns further a method for the therapy or prevention of 
prion diseases comprising administering to a patient suffering from such disease or being 
likely to becoming a victim of this disease a therapeutical or preventive amount of a 
25 monoclonal antibody as mentioned above 

The present invention concerns further a method for clearing biological material 
from prions comprising treating said material with a monoclonal antibody as mentioned 
above 
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Figure 1. a. Western blot of bovine PrP c /PrP Sc without (Oug) and after tieatmcnt with 20, 
40, 80 or iOOug/ml of proteinase K for lh at 37°C The blot shows that bovine PrP Sc m 
S homogenates from thalamus (left) and spinal cord (right) of BSE-diseased and normal cattle 
is protease-resistant at several concentrations as compared to bovine PiP^ Staining with 
mAB 6H4 followed by pet oxidase-Iabelled ami-mouse IgG antibody Pei oxidase activity 
was detected by chemiluminescence 

b. Western blot of different tissue homogenates fiom normal cattle PiP in white 
10 blood cells is recognized by the mAB 34C9 

Figure 2. Western blots of biain homogenates from different species 
a. mAB 6H4 stains PrP of all depicted species, 

b: mAB 34C9 does not stain PrP from hamster and sheep; mouse PrP staining is weak This 
15 differential staining is consistent with the sequence homology of the mapped epitopes of PrP 
from different species 

Figure 3. a. ELIFA standard curve. The standard curve shows a linear relation between the 
concentration of recombinant bovine PrP and the OD 45 o with a background below 0.5 ng/m! 
20 rbPrP. Detection was with mAB6H4. 

b. Results ELIFA. Both, the brain homogenates from normal and BSE-diseased 
cattle have high total amount of PrP as measured by the OD 45 o However, while in BSE- 
brain there is a substantial amount of protease K-resistant PrP Sc , no such PrP can be 
detected in normal brain. 

25 c - Results ELISA Both, the brain homogenates from normal and BSE-diseased 

cattle have high total amount of PrP as measured by the OD 450 However, while in BSE- 

brain there is a substantial amount of protease K-resistant PrP Sc , no such PiP can be 
detected in normal brain 
Empty column without proteinase K treatment 
30 black column, after proteinase K treatment 
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Figure 4. Scheme captuie EL1SA and muhimeiic I'il'^ c See also text 

a monomelic PrP^ has no additional binding sites since the only binding site is 
occupied by the coating antibody 

b niultimenc disease-specific PrP Sc has additional binding sites for the detecting, 
5 peroxidase-labelcd mAB 61 14 (POD) or 1 5B3 (POD) 

Figure 5. Schematic map of plasmid pbPrP3 The insert PrP ORF conesponds to SEQ ID 
NO I with the restriction sites Nde I and Dam} 1 1 

10 Figure 6. a. Western blots of normal bovine brain homogenates and tecombinant bovine 
PrP niABs 6H4 and 34C9 recognize both bovine PrP and rbPrP, whereas mAB 15B3 
recognizes only rbPrP. Recombinant rbPrP runs lower and sharper than PrP from brain 
homogenates because it is not glycosylated 

b. Conformation-sensitive ELI FA of brain homogenates from BSE-diseased and 

15 normal cattle at different denaturation states Staining with monoclonal antibody 15B3. In 
the native state, mAB 15B3 stains only bovine PrP Sc , and not PrP c 



Figure 7. Epitope mapping on the peptide library for bovine PrP: 

a: mAB 34C9 recognizes peptides Nos. 59 to 63 of the peptide library comprising 
the epitopes of amino acids 149 to 153 (Leu He His Phe Gly; SEQ ID NO 5) of bovine PrP 
according to Gokimann et al (1991) corresponding lo amino acids 126-130 in SEQ ID NO 
2. 

b: mAB 6H4 recognizes peptides Nos. 64 to 66 of the peptide library comprising 
the epitopes of amino acids 155 to 163 (Asp Tyr Glu Asp Arg Tyr Tyr Arg Giu, SEQ ID 
NO 6) of bovine PrP according to Goldmann et al. (1991) corresponding to amino acids 
132-140 in SEQ ID NO 2. 

c- mAB 15B3 recognizes 3 distinct arrays of peptides Nos 62 to 65 of the peptide 
library comprising amino acids 153 to 159 (Gly Ser Asp Tyr Glu Asp Arg, SEQ ID NO 7), 
Nos 73 to 75 comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gin Tyr Ser, 
SEQ ID NO 8) and No 102 comprising amino acids 225 to 237 (Cys He Thr Gin Tyr Gin 
Arg Glu Ser Gin Ala Tyr Tyi, SEQ ID NO 9) of bovine PrP according lo Goldmann et al 
(1991) 
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Figure N. immunopiecipitation of bovine, mouse and human PfP with monoclonal 
antibodies J5TS3 and 6H4 a. The supernatant of a centnfuged homogenate from the 
medulla of two different BSE-diagnosed ot two normal animals was incubated with 
^ antibodies 6114 or 15B3 Antibodies were precipitated with protein A (I5B3) of protein G- 
agarose (61 14) As a control, piotein A only was incubated without antibodies Precipitates 
were analysed on a western blot for the presence of PrP using a polyclonal rabbit antiserum 
to bovine PrP and goat-anti-rabbit Ig coupled to alkaline phosphatesc Signals weie 
developed with chemiluminscence substrates Crossreaction of the secondary antibody with 
w immuuopiecipitated mouse immunoglobulins leads to the prominent band at about 50K 

Note the 50 K band characteristic foi PrP ^c in the 15B3 but not in the 6H4 
immunoprecipitations b. Proteinase K digestion of PrP BSE immunoprecipitated with mA 
I5B3 Undigested and digested bovine brain homogenates were compared to proteinase K 
digested immunoprecipitates with protein A-agarose only or with I5B3 The sharp band at 
15 3 IK represents a crossreactivity of the secondary antibody with proteinase K The same 
immunopiccipitates and method of analysis were used as in a c. Imnuinoprecipitation of 

mouse PrP $ c with mAb 15B3. Homogenates from PrP-null mice (0/0) or wild-type mice 
(normal (*/*) or scrapie infected (+/+Sc)) were immunoprecipitated with mAB 15B3 or 
protein A-agarose only and analysed by western blotting as described Digestion with 
20 proteinase K after (a) or before (b) the immunoprecipitation is indicated Detection of PrP 

was done as described, d, Immunoprecipitation of human PrP CJD with mAB 1 5B3 Brain 
homogenates (cerebellum) from normal persons or CJD patients type 1 (ref 10) were 
immunoprecipitated and analysed as described for a. Two representative examples from a 
total of 4 norma! persons and 4 CJD cases are shown 

25 

SEQ ID NO I shows the 660 base pair sequence encoding the bovine rPrP obtained from 
genomic bovine DNA by PCR amplification 

SEQ ID NO 2 shows the amino acid sequence of recombinant bovine rPrP which comprises 
amino acids 25 to 242 of the bovine PrP open reading frame (Goldmann et al, 1991) 
30 SEQ ID NO 3 shows the N-terminal sense primer, and 
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NhQ it) NO 4 shows the (/-terminal aiiuscnse pumci I hesc primers compnse a Nde I 
lestnttion site at the 5'-cnd and a Bamll I restriction site at the V-end in the PCR-amphfied 
bovine PrP-DNA 

SEQ ID NO 5 shows the amino acid sequence common to peptides 59 to 63 of the peptide 
^ lybrary recognized by mAB 34C9 

SEQ ID NO 6 shows the amino acid sequence common to peptides 64 to 66 of the peptide 
lybrary recognized by mAB 6H4 

SEQ ID NO 7 shows the amino acid sequence common to peptides 62 to 65 of the peptide 
lybiary being the first of 3 partial sequences recognized by mAB 15 B3 
1(> SEQ ID NO 8 shows the amino acid sequence common to peptides 73 to 75 of the peptide 
lybrary being the second of 3 partial sequences recognized by mAB 15 B3 
SEQ ID NO 9 shows the amino acid sequence common to peptide 102 of the peptide 
lybrary being the third of 3 partial sequences recognized by mAB 15 B3 

15 Detailed Description of the Invention 

In the following detailed description the spirit and scope of the invention will 
become more clearly explained and understood. 

The monoclonal antibodies 

20 A monoclonal antibody according to the invention is intented to bind to, to detect 

and qualitatively and quantitatively measure the presence of epitopes of prion proteins 
whether they are in soluble or insoluble form in various tissue specimens such as 
homogenates or sections of brain, spleen, tonsils, white blood cells or others and body fluids 
such as blood, cerebrospinal fluid saliva, urine or others. Tiie present mABs bind to 

25 epitopes of amino acids in a row or to epitopes of amino acids on different loops of the 
three-dimensional struture of native PrPs which are spatially close to each other. A 
particular group of the present antibodies binds only to native disease-specific PrP and not 
to native normal PrP. 

Any known mABs which would fall under these definitions are exempted and 
30 disclaimed 

The term monoclonal antibody comprises also chimeric monoclonal antibodies 
having similar properties, which aie derived from different animals, such as human/mouse 
chimeric antibodies or any other chimeric molecule compnsing the antigen-binding part of 
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llic monoclonal antibody (idiotype) witii othei molecules such as antibodv fiagmcnis of 
other monoclonal antibodies or enzymes 

A fragment of a monoclonal antibody compiismg the binding pait of the monoclonal 
antibody (idiotype) likewise capable of specifically binding the antigen and is termed fab or 
(fab'), depending on whether the monoclonal antibody is digested with papain or pepsin, 
respectively 

A synthetic antibody or fragments thereof designed according to the amino acids or 
substituted homologous ammo acids composing the idiotype responsible for binding the 
antigen Homologous amino acids are defined as exchanges within the following five 
gioups 1 Small aliphatic, nonpolar or slightly polar residues: alanine, serine, threonine, 
glycine, proline, 2 Polar, negatively charged residues and their amides aspartic acid, 
asparagine, glutamic acid, glutamine. 3 Polar, positively charged residues histidine, 
arginine, lysine, 4 Large aliphatic, nonpolar residues methionine, leucine, isoieucine, valine, 
cysteine, 5 Large aromatic residues phenylalanine, tyrosine, tryptophan 

Preferred monoclonal antibodies are those named 6H4, 34C9, I5B3 which aie 
produced by hybridoma cell lines DSM ACC2295, DSM ACC2296 and DSM ACC2298, 
respectively 

The antibodies and fragments thereof are essential tools for immunological detection 
procedures based on the binding of the prion protein to the presented monoclonal antibodies 
in an antigen-antibody complex. The monoclonal antibodies of the invention react with 
recombinant bovine PrP as well as native or denatured PrP c and PrP Sc whether they are in 
soluble or insoluble state. The monoclonal antibodies react fiirtheron with PrP from 
different species, for example humans, hamsters, pigs, sheep, cattle and mice 

Furthermore, the present antibodies by forming an antigen-antibody complex 
between the presented monoclonal antibodies and the prion protein can be used to inhibit 
neurotoxic and infectious properties of the disease-specific prion protein 

Anti-idiotype antibodies 

The invention concerns further anti-idiotype antibodies which are antibodies that 
bind with their binding region (idiotype) to the binding region of the original monoclonal 
antibody The anti-idiotype antibody mimicks features of the original antigen, in this case 
features of PrP Anti-idiotype antibodies arc raised as polyclonal antibodies (serum) oi 
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monoclonal antibodies from animals immunized with the pielerred antibodies according to 
the invention Anti-idiotype antibodies aie valuable tools in detecting and blocking 
mtei actions of the onginal antigen (PiP), particulaily interactions with receptors and can 
therefore be used in prevention and therapy of prion diseases 

s 

The hybridoma cell lines 

A stable hybridoma cell line according to the invention is capable of producing a 
monoclonal antibody as defined above over a prolonged time period of at least 6 months 
Such cell lines are derived from the fusion of a spleen cell expressing the antibody derived 
it) from mice lacking a functional PrP gene, and a myeloma cell of mice providing survival of 
the fused cell line 

Prefered hybridoma cell tines are DSM ACC2295, DSM ACC2296 and DSM 
ACC2298 The first two cell lines were deposited unter the Budapest Treaty on February 
06, 1997 at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, 
15 Mascheroder Weg lb, D-38124 Braunschweig, a recognized public depository for strains of 
microorganisms. The hybridome cell line producing mAB 15B3 was deposited February 13, 
1997 unter number DSM ACC2298 at the same depository 

The expression vector for recombinant bovine prion protein 

20 An expression vector for the expression of the recombinant bovine prion protein is a 

DNA vector, based on the pETl la vector by Novagen comprising essential sequences for 
expression in the respective host, e.g.a T7-promotor and the DNA coding for the bovine 
prion protein from codons 25 to 242 with an additional codon ATG at the 5'-end the PrP- 
coding DNA and sequence for selecting, eg. the anipicillin gene, multiplication and 

25 termination.. 

Preferred expression vector is pbPrP3 as shown in Figure 5. 

The recombinant bovine prion protein 

The present recombinant bovine prion protein consists of the amino acid sequence 
30 ID No 2 It may be ungiycosylated or glycosylated 

The present recombinant bovine prion protein PrP is purified to a homogeneity of 
>98% It can be present in oxidized or reduced form In the oxidized form the single -S-S- 
bndge is piesem whereas in the reduced form two SH groups are present instead The 
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ammo acid sequence of I lie present recombinant bovine I'll' is shown by II) No 2 I he 
protein is glycosylated if expressed in a glycosylating eukaiyotic cell line, such as Chinese 
llamstci cells or unglycosylatcd if expressed in a procaryotic cell hue, such as Escherichia 
coli Mixtures of oxidized and i educed form are also comprised The oxidized form has the 
molecular weight of 23676 8 Da and the leduced foim 236886 I Da as determined by 
electiospray mass spectroscopy The piesem full length recombinant bovine pi ion protein is 
unique in terms of its homogenity, since other groups in the art have reported of being 
unable to purify homogenous full length recombinant prion protein of other species 
(Mehlhorn et al., 1996, Riek et al , 1996) 

The reduced form of the recombinant PrP is particularly interesting since it has been 
reported to contain more P-sheet secondary stiuctuies than the oxidized form (Mehlhorn el 
al, 1996), hence mimicking structural features of PrP Sc However, the leduced 
recombinant isoforms have been reported to be neither protease-resistant nor infectious 
(Mehlhorn et al., 1996). 

15 A native prion protein PrP is the prion protein in a fully folded slate, i e. the three- 

dimensional structure is present Only in the native, i e. folded state PrP isoforms are 
different (normal native vs disease-specific native PrP) 

A denatured prion protein is the prion protein in the unfolded slate. Unfolding is 
usually achieved by the addition of chaotropic substances such as urea or guanidinium 

20 hydrochloride. In the denatured state, both PrP isoforms are irreversibly the same, even if 
they have been normal native or disease-specific naliv before. 

An antigen-antibody complex is a physical attachment of an antibody or fragment 
thereof with the corresponding antigen by intermodular forces because the surfaces match 
in a unique way. The matching surface on the antibody is called idiotype and the surface on 

25 the antigen is called epitope. 

Suitable epitopes detectable by the present antibodies are for example linear amino 
acid sequences having from about 3 to about 1 5 amino acids in a row or are completely 
three-dimensional ("patch") in that distant amino acid residues of (he linear peptide 
backbone of the protein are, due to the unique folding, very close together in space to form 

w an epitope 
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The method (or (lie production of an antibody 

'I he present method for the production of an antibody according to the invention 
comprises culluring a hybridoma cell line as mentioned above and isolating the monoclonal 
antibody fiom the supernatant of the growth media 

Culluring is carried out in flasks in H I - medium or in a cell culluring system called 
„technomouse" in serum-free, synthetic medium (Turbodoma medium, supplied by Messi, 
Zurich) In a „technomouse" hybiidoma cells aie cultured in a sterile chamber surrounded 
by a protein-impenneable membrane that is perfused by the respective medium in a constant 
flow rale (for example, turbomedium at 80 ml/h), antibodies are collected from the chamber 
with the help of a syringe at legular intervals 

Isolation of monoclonal antibodies is carried out by extraction from the supernatant 
by conventional biochemical methods, eg by use of affinity columns with the 
corresponding immobilized antigen or by any other method used in the ait. such as gel 
filtration or ion exchange chromatography In the „technomouse" supplied with serum-free 
luibomedium antibody concentrations and purities are achieved that need no fuither 
extracting procedures 

Chimeric antibodies and fragments thereof can be produced by genetic engineering 
methods, e. g. by sequencing the antibody or the desired fragment thereof and constructing 
DNAs coding for the chimeric antibody or the fragment thereof which DNAs are inserted 
into an appropriate expression vector and expressed to produce the antibody or the 
fragment thereof in both procaryotic or eukaryotic cell lines. 

A fragment binding to a PrP epitope can be combined with a human heavy chain to 
produce chimeric antibodies for use in humans as therapeutic or preventive agents against a 
prion disease. A fragment binding to a PrP epitope can also be combined with other 
enzymes, proteins or molecules to give rise to chimeric molecules combining the biological 
functions of these, for example for targeting an enzymatic activity to a place defined by the 
proximity of the PrP epitope. 

The method for the production of a hybridoma cell line 

The present method for the production of a hybridoma cell line comprises 
administering to PrP 0/0 mice (knockout mice without a functional PrP gene) an immunizing 
amount of a recombinant pure prion ptotein PrP, removing the spleen from the immunized 
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mice lecovermg splenocvies thereirom, fusing the latter Willi appmpriate myeloma cells, 
glowing the cells m a selection medium which does not support suivival of the unfused 
cells, e g in HAT medium, sciecmng the supernatant* of the surviving liybridoma cells with 
recombinant PrP for the presence of antibodies to delect recombinant bovine PiP by an 
^ EL1SA procedure and to detect native bovine PrP Sc by a conformation-sensitive ELI FA 
piocedure and isolating the positive ceils Positive hybridomas weie selected and cloned 
twice by the limiting dilution method before the antibody was characterized and the epitope 
was mapped on a peptide library 

The peptide library used is commercially available from Jerini Diotools (Berlin 
10 Germany). It consists of 104 spots with peptides of 13 amino acids, whereby the sequence 
of each peptide overlaps with 1 1 amino acids of the foregoing peptide 

An immunizing amount of a recombinant bovine prion protein is from about 50 to 
100 (.Lg It is administered dissolved in an appropriate solvent, e. g, PBS and Fieunds 
adjuvant several times, e. g. three times, subcutaneously followed by an intraperitoneal and 
15 an intravenous injection ultimately prior to spleen removal 

The Prp0/0 m j ce were a gift from p rof Weissmann of the University of Zurich 
They were obtained according to Bueler et ah (1992) 

Appropriate myeloma cell are for example P3X63Ag8U 1 deposited and available 
under ATCC CRL 1597. 
20 Recovering spleen cells and fusion conditions follow standard procedures, for 

esample as described by Kennett (1980) 

The method for the production of an expression vector 

25 T ' )e method for the production of an expression vector comprises inserting a DNA 

coding for PrP in the correct reading frame into an expression vector One of the structures 
of the DNA coding for PrP is shown by SEQ ID NO 1. This DNA can be obtained by 
amplifying DNA from bovine genomic DNA coding for PrP by means of the N- and C- 
teiminal primers shown by SEQ ID NO 3 and SEQ ID NO 4, respectively Bovine 

10 genomic DNA is isolated from bovine kidney cells and supplied by Clunentech. U S.A 
Degenerate allelic forms of this DNA coding for the same PrP may be used Furthermore, 
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targeted mutations can be introduced into the PrP UNA to give use to distinct 
conformational isoforms ofthe ttanslated gene product 



The production of a purified recombinant bovine PrP 

^ The production of a purified recombinant bovine PrP comprises cutturmg a cell line 

with an expiession vector capable of expressing the bovine PrP in an appropriate culture 
medium, such as in the case of E coli in Luria broth medium, isolating the PiP protein from 
the inclusion bodies by lysing the cells e g with lysozym and Triton-X-100 in the case of E 
coli, solubilizing the inclusion bodies with urea and and purifying the protein by 

io convenionai methods, e. g by chromatography, for example on a anionic exchange 
sepharose column and C4 reverse phase HPLC column 

The oxidized form is obtained by treament with an oxidzing agent, e g with 
Cu 2 S0 4 , and the reduced form by treatment with a reducing agent, e. g [VmercaptoethanoL 
according ol conventional methods. They can be separated by reverse-phase high pressure 

15 liquid chromatography. 

immunological detection procedure for the detection of prion disease 

20 An immunological detection procedure for the detection of prion disease, especially 

BSE, whereby disease-specific PrP$ c protein in biological material of an animal or human is 
detected, comprises treatment of a first probe of said material with a monoclonal antibody 
according to the invention and detecting the mixed PrpC/p r pSc_ antibody complex, treating 
a second probe of said material first with proteinase K and then with the monoclonal 

25 antibody according to the invention, detecting the PrP Sc -antibody complex and analyzing 
the results of both probes 

A specific monoclonal antibody according to the invention is able to detect PrP^ c in 

a PrP Sc -antibody complex without prior protease-digestion of the tissue specimen to be 
examined 

30 The biological material can be insoluble or soluble in buffei or body fluids. It can be 

derived from any part ofthe body, e. g from the brain or the tissue sections, in which case 
it is used in form of a homogenate, or any body fluid, e g cerebrospinal fluid, urine, saliva 
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in blood In the case of body fluids, fluid-! csidcnt cells, c t; while blood cells in the case of 
blood cxpiessmg I'iP can be purified and analyzed cither in immiinohislochemistry or as a 
homogenate 

The detection of the Pi I >Sc -antibody complex is canied out in particular by 
immunological piocedures like the Western blotting, ELI FA, and various EL1SA techniques 
such as capture ELISA 

The piesent immunological detection piocedures allow the diagnosis of prion 
diseases With the tools of the present invention, tissue sections, tissue homogenates oi 
body fluids of pi ion-infected animals such as BSE-diseased cattle or humans having the CJD 
can be scieened for the presence of the protease-resistant, disease-specific isoform of the 
prion protein in its native form, be it soluble or insoluble 

Tissue homogenates and body fluids are for example sucli as from biopsy of brain, 
lymph nodes, spleens, tonsils, peripheral nerves, cerebrospinal fluids, urine, platelets or 
white blood cells Particular immunological procedures comprise for example, enzyme- 
15 linked imnumoftitration assay (ELIFA), enzyme-linked immunoabsorbent assay (ELISA), 
Western blot assay, dot blot assay, immunodecoration and immunohistochemistry. 

When native bovine PrP Sc or any other disease-specific prion protein (e.g. ovine 
PrP Sc or human PrP Sc ) has to be used in immunological assays, this can presently only 
successfully be achieved with the antibodies described in the present invention, since the 
present antibodies are the first of their art to be able to bind only native, disease-specific 
p r pSc 
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The lest kit for the diagnosis of prion diseases 

The test kit for the diagnosis of prion diseases comprises devices and materials 
enabling the diagnosis prion disease in biological materials, and is particularly suited for 
screening large amounts of samples for the piesence of PrpSc One test kit comprises in 
particular one or more monoclonal antibodies according to the invention, purified bovine 
lecombmant PrP protein as mentioned above, nitrocellulose sheets, microliter plates, or 
microtiter plates coated with the monoclonal antibodies according to the invention, a 
secondaiy anti-mouse antibody that is coupled with an enzyme and its substiate ot any other 

20 
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molecular compound for a detection reaction (eg a pcioxidase-labeled anti-mouse Ig(i 
antibody, (MB or any other peroxidase substrate), hydrogen peroxide, proteinase K, a 
blocking buffer, a iiomogenization buffer, a calibration cuive and a description of how to 
perform the test 

Another test kit is designed in the dipstick format and is without need of radioactive 
tracers, enzymes or substrates and basically reduces the number of handling steps to one 
The one-step piocedure involves the capture of the disease-specific PiP^c with one of the 
antibodies according to claim 1 or 2 which are immobilized on a test strip Captured 

iu disease-specific PrpSc are detected directly by a second antibody according to the 
invention, which is coupled to particular colloid particles This specific detector complex 
results in the formation of coloured spots on the test strip which are visible in less than 30 
minutes depending on the concentration of the test sample The spots are a permanent 
record of the test result and, upon longer exposure even increase the sensitivity of the test 

1 5 without generating higher background. 



Pharmaceutical preparation for the therapy and prevention of prion diseases 

The pharmaceutical preparation for the therapy and prevention of prion diseases in a 

20 mammal, including humans, comprises an effective amount of one or more antibodies 
fragments therof or chimeric antibodies as described, produced according to the invention, 
eventually purified according to conventional methods, and a conventional pharmaceutical 
carrier Ait antibody obtained may be solubilized together with the carrier in an appropriate 
buffer, e. g. an aqueous physiological sodium chloride solution This may be clarified by 

25 centrifugation and used in concentrated liquid form for injection, or completely dried if 
desired by any of the conventional methods, such as lyophilization, spray or freeze drying, in 
form of a dry powder, which can be pressed into tablets, filled into capsules, or applied as a 
dry powder in form of a nasal spray, whereby conventional production methods are applied, 
and conventional pharmaceutical carriers are optionally added 

"SO 
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Method of protecting a mammal against prion disease 

'1 he monoclonal antibodies of the present invention bind to between species highly 
conserved regions in the PrP molecule thai may have funlional significance (Oesch ct al . 
1991} It is envisioned that blocking this binding site by the monoclonal antibodies, 
^ fragments thereof or chimeric antibodies as defined above will abolish biological effects of 
pi ions Blocking of the infectivity of prions by occupying distinct sites on the disease- 
specific form of PrP is foreseen to lepresent a therapeutic strategy in treating prion diseases 
or a preventive strategy in pieincubating suspected prion-infected tissue specimens with the 
piesent monoclonal antibodies The noimal foim of PrP appears not to be of vital 
in importance in the living animal because mice with a deleted PrP are viable (Bueler et al , 
1992) Anti-PrP antibodies may therefore be used without side effects to neutralize prions in 
humans or animals 

The present invention concerns further a method for the therapy or prevention of 
prion disease or a disease mediated by the neurotoxic effects of prion proteins or fragments 

15 of prion proteins, comprising administering to a patient suffering from such disease or being 
likely to becoming a victim of this disease a therapeutical or preventive amount of a 
monoclonal antibody, a fragment thereof or a chimeric antibody as described above. 

The method of protecting a mammal, including a human, against an infectious prion 
disease according to the present invention comprises administering one or a combinantion 

20 of the present antibodies, fragments thereof or chimeric antibodies or a pharmaceutical 
preparation comprising the antibodies produced by the present invention. The 
pharmaceutical preparation is preferably administered by injection, e. g. intrathecaily (into 
the cerebrospinal fluid), into the blood with respective pharmaceutical agents or methods 
increasing the permeability of the blood-brain barrier or as a chimeric antibody, fused to, or 

25 containing additional signal sequences that allow passage through the blood-brain bariiei 
(for review see Friden, 1994). An intranasal application of the monoclonal antibodies, 
fragments or chimeras thereof is also possible 

The pharmaceutical preparations have to be administered according to the judgment 
of the physician in amounts depending on the concentration of the antibodies comprised 

30 thereby and the route of administration so that a protective or curative effect is obtained 
The amounts and method of administration are to be selected further depending upon the 
age and weight of the patient, the nature and severity of the infection as well as the geneial 
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condition of the patient In general il is sufficient to acliniiustet the antibodies in amounts of 
about I to 100 mg pei patient in a single 01 in lepeated doses 

Method for clearing biological material from prions 

^ The method for clearing biological material from prions, e. g intended for 

ttansplautation, substitution of biological material 01 oral consumption, comprises treating 
said material with one or several monoclonal antibodies accoiding to the invention such that 
prions or prion proteins or fragments thereof become functionally inactivated in terms of 
their infectivity and/or neurotoxicity The pharmaceutical preparations described above may 
H) be used foi this purpose, whereby the pharmaceutical cat net may be replaced by a suitable 
other solvent in case the biological material is not intended to be used for transplantation 

The following examples serve to illustrate a particular embodiment of the invention 
but they should not be considered a limitation thereof The immunological procedures 
outlined are made for the diagnosis of BSE in cattle, however, these procedures can also be 
applied for prion diseases in humans or animals such as sheep, hamsters or mice. 
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Method for protecting an animal or a human by immunization with recombinant PrP 

The method for protecting animals or humans from infection with prions consists of an 
appropriate formulation of recombinant PrP of the appropriate species with an 

20 immunostimulator such as Freund's adjuvans. To protect against BSE, immunization is done 
with bovine PrP, against CJD human PrP is used, against sheep scrapie sheep PrP is used. In 
general, the PrP of the species where the the prion originated is used for immunization 
Immunization induces the B-iymphocytes to produce antibodies reacting with PrP Sc . Such 
antibodies (of which 15B3 is a prototype) will be present in bood and lymphatic tissue and 

25 thereby bind and neutralize prions infecting a human or animal through peripheral pathways 
such as through skin lesions for example aftet accidental puncture with a needle or knife in a 
hospital or a slaughterhouse The amount and type of PrP to be used for immunization will 
be detei mined according to the age and weight of the human or animal as well as the source 
of prions 
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l-.x.'imple I > Immunological diagnosis of prion diseases using tissue from infected 
animals 

PiP ( and Pi! ,Sc can be distinguished accoiding to then different sensitivity to 
digestion with protease K Undigested PrP C and PipSc j lave a mo leculai weight of 33-35 
IcDa Upon incubation with pioteinasc K PrP c is ieadily digested while PrP Sc is partially 
resistant, ic the N-termmus of PiP Sc is teinoved leading to a shift in molecular weight 
Horn 33-35 kDa lo 27-30 kD (Oesch et al , 1985) Proteinase K is therefore used to digest 
the tissue specimen to be examined However, monoclonal antibody I5B3. detecting a 

conformational epitope specific for the disease-specific isoform PiP Sc may even be used 
without prior protease digestion 

Example 1.1. Method for the preparation of tissue homogenates 

One gram of brain, either from the thalamus, medulla or spinal cord, were 
homogenized with an homogenizer (Omni, USA) in 10 ml 10% sucrose, 20 mM liEPES pH 
7.5, 2% sarcosyl and 5 mM EDTA 10% homogenates were diluted 10 fold, one part of the 
homogenate was digested with proteinase K at 0, 10 or 100 pg/ml. The probe containing 0 
Hg/ml served as a control for the specificity of the proteinase K treatment. Probes were then 
further diluted (in PBS) for the ELIFA test to give a blotting concentration of 0 05% of 
brain homogenate. To increase the partial protease resistance of bovine PrP Sc , brain 
homogenates from BSE-infected and normal cattle was diluted after homogenization in 20, 
40 or 80% ethanol /HEPES-sucrose buffer. Suspension of brain homogenates in ethanol 
was an important step and effectively stabilized the p-sheet structure of the PrP Sc isoform 
(Oesch et al., 1994), thereby increasing its protease resistance (Riesner et al., 1996). 



Example 1.2. Western Blotting 

Tissue specimens were homogenized as described in example 1 1 . one part 
protease-digested, the other not (as described above), diluted to 10% and separated by SDS 
polyacrylamide gel electrophoiesis (SDS-PAGE) on 12% gels (Sambrook et al , 1989) 
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(iels were then clecitoblottcd onto 0 4S ^ m niUoccllulose (NC) membranes, incubated with 
the lespective monoclonal antibodies followed by a secondary anti-mouse lgCi antibody- 
coupled to peroxidase Bound peroxidase activity was detected with a chemilummcscence 
kit (ECL, Amersham, USA) 
s Western blots developed with antibodies 6H4 or 34C9 (Figuie 1A.) show the 

chaiacteristic smeai of bands for Pi and bovine PrP$ c (33 to 27 kD) in undigested 
piobes while digestion with pioteinase K eliminates all of PrP^, however, leaving a 27 kD 
band typical of N-terminally truncated PrP$ c The smear is due to different glycosylated 
forms of PrP 

it) The piesent antibodies were furthermore able to detect PrP in various tissue extracts 

Horn humans, cattle, pigs, sheep, mice and hamsters (Figures IB., 2) Given that the 
epitopes of our antibodies aie highly conserved (Oesch et al , 1991), we expect our 
antibodies to stain PrP from other species such as rat or matsupials as well 

15 

Example 1.3, ELIFA (Enzyme Linked Imuuiuo Filtration Assay) 

The ELIFA procedure to determine quantitatively the amounts of PrpC and PrP^ c 
in given tissue homogenates has been described for hamster brain homogenates (Oesch et 
20 al, 1994). Blotting directly on nitiocellulose has the advantage over the conventional 

ELISA procedure that the poor solubility of bovine PrP^ c does not affect its immobilization 
on the solid phase Blotting was performed with an ELIFA apparatus (Pierce), i e. a 
peristaltic pump created a vacuum below the NC thereby sucking the contents of the wells 
above onto the NC in a controlled and highly reproducible way. Wells were then washed 

25 with PBS The membrane was removed from the ELIFA apparatus, placed in a plastic tray 
and then incubated on a rocking table sequentially for the indicated times with the following 
reagents (inbetween steps, the filters were always washed 3x with PBS) 5% BSA/TBST 
(30min), avidin (25 (ig/ml, 30min), biotin (2 fig/ml, 30min), monoclonal antibodies 6H4 or 
34C9 in TBST (2 h RT or 10 h o/n), secondary, biotinylated anti-mouse IgG (Vectastain, 

30 USA, dilution 1*5000, 1 h RT), streptavidin coupled to peroxidase (Boehringer, Germany, 
dilution 1 25000, 15-60 min RT) 
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In ;in alternative pmcetluie monoclonal antibodies 61 [A 01 i'K '» v.eic inotmylatcd 
hmmatmg the step with the (iioimylatcd secondary antibody Still another pmceduie 
ivolved coupling of mABs 0114 01 34C9 directly lo perox.dase acumliny to the 
manufactuier (Pieicc. USA) Amplification of peio.xidase activity was achieved by the 
s LLAST-kit according to the manufacturer (DuPont, USA) 

Subsequently, the NC was again placed in the ELIFA appaiatus, a %-well 
microtiterplate was placed underneath the membrane, such that each blotted spot 
corresponded to one well in that plate Then the substrate TMB/peroxide (Kieikegaard & 
Perry) was applied into the wells of the ELIFA apparatus and sucked through the membrane 
10 into the wells of the microliter plate The reaction was stopped by the addition of 2M 
H3PO4 The extinction was measured at 450 11m with a reference at 620 nm in an ELISA 
reader 

The standard curve for the ELIFA (see Figure 3a) was obtained by serial dilutions of 
ultra-pure and defined amounts of recombinant bovine PrP (see below) For the ELIFA- 

15 procedure, lyophilized recombinant PrP was suspended in an antigen-dilution buffer (1M 
guanidinium thiocyanate and 0.01% human serum albumin in PBS) This buffer allows 
maximum binding of recombinant PrP to the nitrocellulose membrane The standard curve is 
essential, since it allows to control both the quality and the reliability of the ELIFA- 
procedure. Furthermore, the standard curve allows to exactly quantify bovine PrP c /PrP Sc 

20 amounts in given tissue specimens (Oesch et a!., 1994) (Figure 3b). 

Example 1.4. Conventional ELISA (Enzyme Linked lmniuno Sorbent Assay) 

The antigen (present in a 10% homogenate as described in example 1 1 ) was 
25 incubated for 2 h at RT in 96-welI microtiterplates (Nunc, Denmark) Blocking was 
achieved with 5% BSA after antigen incubation. After washing, the plate was incubated 
with the biotinylated monoclonal antibody or 6H4 for 2 h at RT Washing with li 2 0 and 
PBS was performed befoie streptavidm-coupled peroxidase (Boehringer, Germany) was 
applied and peroxidase activity detected with the substrate according to the manufacturei 
30 (TMB/H 2 0 2 , Kieikegaard & Perry) The reaction was slopped by the addition of 2 M 
H,P0 4 As for the ELIFA procedure, the plate is read by an ELISA reader at 450 nm with 
a reference at 620 nm As an alterative procedure, peroxidase-coupled monoclonal antibod> 
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(>H4 w<^ used instead of l>iol i n yialeci antibody {sec c\ainpic i Amplification of 

pciOKida.sc activity was achieved bv the LLAS'i -kn according to the manufacturer (I)uPont 
USA) Results of this immunological test arc depicted in figure lc. 

s Cxnmple 1.5. Capture-ELISA (Enzyme Linked Imnumo Sorbcnt Assay) 

i ; or the captuie-ELISA, advantage can be taken of the mullimcric nature of disease- 
specific PiP Sc Using the same monoclonal antibody foi coating the wells and detection of 
native PrP (eg 6H4) will detect only PrP that exists in multimeric form or aggregated 

10 states, since monomelic PrP will have blocked its single binding site for the detection mAB 
by the coating mAB. Multimeric PrP Sc will be detected because apart from the one mAB 
binding site that couples the multimeric PrP to the microliter plate, other binding sites are 
still present for the detection antibodies (see Figure 4). This particular proceduie of a 
capture-ELISA for PrP Sc detection can only be performed with the present monoclonal 

15 antibodies binding to native PrpSc s [ nce upon denaturation the multimeric PrP Sc 
complexes dissociate into multiple monomelic, denatured PrP molecules 

For the capture ELISA, monoclonal antibodies according to the invention were 
either covalently linked or adsorbed to microtiterplates (Nunc, Denmark). Subsequently, the 
20 wells were blocked with 5% BSA for 30 min at RT and the procedure according to example 
1.4 followed. 

Examples 2. Experimental details for the production of monoclonal antibodies specific 
for the native and denatured prion protein 

25 

Example 2.1. Preparation of the irumunogen 

The following primers were chosen to amplify PrP DNA from bovine genomic 

DNA 

w I N -terminal sense primer (SEQ ID NO 3) 

5 1 -GGGAATTCCATATGAAGAAGCGACCAAAACCTG-3' and 
2 C-terminal autisense pumci (SEQ ID N04) 
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I hesc prtmets wcie designed to mtioduce an Nde 1 leslnction site at the V cud and 
a Band! 1 leslnction site at the 3" end in the PCR-amphfied bovine PrP-DNA 10 cycles of 
I nun 94 u (\ 2mm 42 U C and 2mm 72 n C\ followed by 4x5 cycles of Imin 94"C\ I nun GV'C 
s and 72"C with augmenting durations of 1,2,3 and A mm were performed in a Oocodile IN 
thermocycler (Apphgene, USA) 

The PCR product then digested with the restriction enzymes Nde 1 and BamH 1 
(Boehiinger, Geimany) The appropriate DNA fragment of 650 bp was purified on a 1% 
agarose gel and ligated into the pETl la vector (Novagen) previously digested with Nde I 

Jo and Bamlil bgated products were transfected into E coli strain DH5a. The appropriate 
clone containing the PrP open reading frame in the pETlla vector was selected and 
subsequently termed pbPrP3 (Figure 5) Sequencing of the PrP sequence in pbPrP3 
confirmed that the sequence of the bovine PrP gene in the pETl la vector corresponds to 
the previously published sequence (Goldmann el al., 1991, SEQ ID NO: I). Plasmid pbPrP3 

15 was ttansfected into E coli strain BL21(DE3) (Novagen), that is capable of translating the 
plasmid into a protein For production of bovine PrP, cells were stimulated witli 1 mM 
1PTG according to standard techniques (Sambrook et ah, 1989). Recombinant bovine PrP 
was purified from inclusion bodies. For example, 1 liter of Luria broth medium (Gibco, 
USA) containing 100 ng/ml ampicillin was incubated with an overnight culture (4ml) of 

20 pbPrP3 transfected BL21(DE3) cells. The 11 culture was then grown at 37°C and 250 rpm 
to an ODcdo of 0.8. IPTG was added to a final concentration of 1 mM and the incubation 
was continued at 30 U C and 250 rpm for 3h until the OD 6 uo was 1.0. The culture was then 
centriftiged at 1000 x g for 5 min at RT. The pellet containing the bacteria was further 
processed for isolation of PrP from inclusion bodies as follows: the bacterial pellet from a I 

25 liter culture was resuspended in 100 ml of 2 mM EDTA, 50 mMTris-HCl pH 7.5 and lysed 
by the addition of iysozyme (final concentration 100 mg/ml) and Tiiton-X-100 (final cone 
1%) for 15 min at 37 n C Then, MgCl 2 (final cone 15 mM) and DNAse I (final cone 10 
UgAnl) were added The suspension was shaken at room temperature until the DNA was 
digested and the solution was clear (30 min) The solution was then centrifuged at 10 000 x 

M) g for 30 min at 4°C The supernatant containing all the soluble proteins was discarded and 

the pellet, containing the inclusion bodies, was homogenized and resuspended in l/10 tn of 
the original culture volume containing 8M deionized urea, 10 mM MOPS pH 7 5 This 
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>usfH'it,t(tji was ilicti shaken ai kkiiii lempuatmc uummht and then ccntnluged al iOO'j-r 
\ <z ior ^0 linn ai 4"( I he supernatant containing sulubih/ed malaria! horn inclusion bodies 
was then further processed 

^ A caiboxymethyl (CM) sepharose column (Phaimacia) was equilibrated first with 

the eJutton buffer containing 8M deionized urea, 500 mM NaCl, tOmM MOPS pi i 7 5, then 
with the washing buffer containing 8M deionized urea, lOmM MOPS pll 7 A CM 
sepharose column (50 ml bed volume) was loaded with 100 ml of the solution containing 
the solubilized proteins from inclusion bodies The column was washed twice with 25 ml 50 
io mM NaCl. 8M urea, 10 mM MOPS and once with 100 mM Nad 8M urea, 10 mM MOPS 
Bovine lecombinant PrP was eluted with 500 mM NaCL 8M urea, 10 mM MOPS SDS- 
PAGE and silver staining showed that at this step only one protein of about 24 kDa was 
piesent in the eluent, corresponding to the calculated molecular weight of 23,6 kDa (Figure 
6a) This fraction was then further processed 

15 

Proteins eluted from the CM sepharose wete subsequently either oxidized with 10 
f-tM Cu^SO* oi reduced with 2% fi-mercaptoethanol foi several hours before they were 
loaded on a Crreverse phase liPLC column The HPLC column was perfused with a 0- 
85% gradient of acetonitrile in 0.1% trifluoroacetic acid (TFA). The oxidized or reduced 
20 bovine recombinant PrP eluted about 40 or 45% acetonitrile, respectively. The eluted 
fractions were lyophilized (Sambrook et al „ 1989) and redissolved in distilled water 
Electrospray mass spectroscopy revealed single peaks of 23676.8 and 23686.1 Dalton for 
oxidized and reduced recombinant bovinePrP, respectively, indicating a correct and uniform 
translation of the bovine PrP open reading frame in pbPrP3. 

25 

Example 2.2: Immunization of animals and hybridoma production 

Oxidized or reduced bovine lecombinant PrP or a mixture of both amounting to a 
total of 100 [xg in a single dose (dissolved in PBS) were used to immunize PrP^ mice, i e 
ui mice without a functional PrP gene (Buelcr et al , 1992) that were kindly provided by Prof 
C Weissmann, University of Zurich The t educed form of the recombinant PrP was 
particularly inter esting since it has been lepoilcd to contain mote f)-shect secondare 
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stimluic^ tii, in \\w oxidized lonn in ;i Synan hamster leeoiribiiuiil PiP fiamncnl ( Mehllu u tl 
et al hence mimicking structuial (catuics of I'tP^ howevci. the i educed 

lccombiuant isofonm have been icpoitcd to be ncithci prolease-rcsistant nor infectious 
(Mehihoiu e( ai . 19%) 

5 Mice icceived three subcutaneous injections (day 0 with Freund's complete 

adjuvans, days 21 and 42 with Freund's incomplete adjuvans) of the antigens m a constant 
100}ig amount and m a volume of 100f.il On day 49, mice vveie boosted with the antigen 
mtrapentoneally and the next day intravenously with adjuvant Pertussi Berna (Berna 
Switzerland, extract of Boideteila pertussis bacteiia) On day 50, mice wete anesthetized 

it) and decapitated The spleen from immunized mice was removed, and splenocytes weie 
recovered Mouse myeloma cells (cell line P3X63Ag8U 1, ATCC CRL 1597, Schaiff, 
1978) were mixed to the splenocytes at a ratio of 1 5 and fused by the addition of 50% PEG 
(polyethyiengiycol) for 8 min at RT according to standard techniques (Kennett, 1980) Cells 
were then washed and grown overnight. The next day, cells were suspended in selective 

15 medium (HAT) and plated in 96-weIl microtiterplates The selective medium contains 
aminopterin that is toxic for those cells that have not been fused to splenocytes and thus 
eliminates uncontrolled cell growth of irrelevant cells (Kennell, 1980). 

EXAMPLE 2.3: Screening hybridoinas for specific antibodies 

20 Most important was an efficient screening method for antibody-ptoducing 

hybridoma ceil lines that would allow to detect monoclonal antibodies against native and 
denatured epitopes of both PrP isoforms, as well as conformation-specific epitopes of 
bovine PrP^c The screening for hybridoma cells producing antibodies against PrP was done 
by an ELISA, Western blotting and a conformation-sensitive ELIFA. 

25 

ELISA usmu recombinant bovine PrP 

96-well microtiter plates were coated with recombinant bovine PrP (0.25 jagAvell) 
for 4 h at RT and then blocked with 5% BSA/M 2 0 for lh at RT After washing with H 2 0 and 
PBS, culluie medium from wells containing hybridoma colonies was transfered to the 
10 mictrotiter plates (50 ja! per well) and incubated overnight at 4°C Alter washing with H 2 0 
and PBS, bound antibodies were detected with a peroxidase-labeled anti- mouse IgG 
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anhhnds f( jppell Swit/ci Jatid ) lollowcd U\ tolonmetin detection with 
(kieikegaaui & Peny. USA) as described m example I A 

Qu a 1 1 1 a live, conl brma tjon-scnsittvc ELIFA 

l% biam homogenates of normal and BSU-inlecled callle were cither iell 
undigested 01 protease-digested for the BSE brain homogenale atid blotted onto a 
nitrocellulose membrane as described by for the ELIFA procedure (see above) (Oesch et al , 
1994) Alter blotting, the membrane was blocked with 5>% low-fat milk in TBST, and 
incubated with the antibody-containing culture medium Subsequently, the NC was 
incubated with a secondary, peroxidase-coupled anti-mouse IgG antibody and developed 
with a chemiluminescence kit (ECL, Amersham) This technique allowed for detection of 

hybridoma cell lines that produce antibodies against native PrpC and bovine PrP^ c or of 

conformation-sensitive antibodies that distinguish between PrpC and bovine PrP^ c (as 
described for mAB 15B3 in figure 6b). 

Western Blotting 

Hybridoma cell lines were further selected on the capability of the produced 
antibodies to recognize PrP of brain homogenates and recombinant bovine PrP on Western 
blots. Brain homogenates of various tissues and various species were blotted as described in 
example 1.2. 

It was shown that the prefered monoclonal antibody 6H4 recognizes PrP in the brain 
homogenates of cattle, mice, hamsters, pig, sheep and humans (Figure 2). 

The prefered mAB 34C9 recognizes PrP in the brain homogenates of cattle, mice, 
pig, and humans (Figure 2). 

It was further shown that both prefered monoclonal antibodies 6H4 and 34C9 
recognize PrP in vatious tissues such as medulla, spinal cord, thalamus, cortex and white 
blood cells (Figures la, b) 

Mapping of epitopes 

A peptide library consisting of 104 peptides numbered 1 to 104 purchased from 
Jerini Biotools (Berlin, Germany) was used to map the epitopes that are recognized by the 
antibodies The peptides aie covalently linked to a cellulose membiane have each a lenght of 
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I i (iiniiHj ,iLi(is ,ind tuuelhci covet the ciilnc length of the recombinant bovine pnon pmten* 
{to(<i! of KM) Mailing with Lys Lys Aig Pro l.ys Pro Ciiv dly C j iy "1 rp Asn "I lir (ilv (one 
ietlet code KKRPKPGGGWN'l 0) and ending with (/in Aig (,| u Ser Gin Ala 1 yr i yt din 
Arg Gly Ala Sei (one letter code QRliSQAYYQRGAS) liach peptide ovetiaps bv II 
ammo acids with the next peptide Binding of antibodies to those peptides can be visualized 
by the ECL system as described for Western blotting m example 1 2 

The monoclonal antibodies of the present invention bound to peptides comprised in 
the region of helix I in the three-dimensional model of the mouse recombinant C-terminal 
prion protein fragment described by Riek et al (1996) It is hereby assumed that this mouse 

recombinant C-terminal prion protein fragment leflects structures of native PrP^, has the 
same structure as full length PrP and that the structure will be similar in different species 
Based on these assumptions the following statements are. mAB 6H4 binds to the three 
library peptides Nos 64 to 66, comprising amino acids 155-163 of the bovine PrP sequence 
(Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu, Guldmann et al , 1991) (Figure 7b). This sequence 
corresponds exactly to the full-length helix, a structure that is highly conserved between 
species (Oesch et al , 1991) 

mAB 34C9 binds to the 5 libiary peptides Nos 59 to 63 comprising amino acids 149-153 of 
the bovine PrP sequence (Leu He His Phe Gly; Goldmann et al., 1991) (Figure 7a) which 
corresponds to a sequence just N-terminal of helix 1 (Riek et al., 1996). 

As predicted by this epitope mapping, the monoclonal antibodies differentially bind 
PrP from different species (Figure 2). 

Characterization of PrP^ c conformation-specific monoclonal antibody 15B3 

mAB 15B3 recognizes 3 distinct arrays of peptides: Nos. 62 to 65 of the peptide 
library comprising amino acids 153 to 159 (Gly Ser Asp Tyr Glu Asp Arg), Nos 73 to 75 
comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gin Tyr Ser) and No 102 
comprising amino acids 225 to 237 (Cys He Thr Gin Tyr Gin Arg Glu Ser Gin Ala Tyr Tyi ) 
of bovine PrP according to Goldmann et al (1991) 

Monoclonal antibody 15B3 recognizes native bovine PrPSc better than native 
bovine PrPC (Figure 6b) in this experiment, 10% bovine brain homogenates of noimal 
undigested and BSE-diseased protease-digested cattle were made as described in example 
1 I Subsequently, the samples were diluted to a 0 ^% homogenate with PBS and 
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iikwImiccI ,tl i7"C for ih i lie sauipks ucn llicn blotted onto a nitrocellulose membrane- 
wiih ihc qualitative, conformation-sensitive ( l.li A protocol as described in example i 
above In hguie 6b, it can be seen thai ISlil binds to USF but not to normal bram 
honiogcnate By Western blotting, I'rP from bovine brain homogenales cannot be detected 
* (Figuie 6a) Apparently mAB I5B3 cannot detect PrP on Western blotting even if it is 
assumed that proteins denatutc in sample buffer containing SDS before they are loaded on 
the gel (Example I 2 , Sambrook el al 1989) 

These findings point to the fact that mAB 15B3 binds to a conformation-sensitive 
epitope As can be seen in the binding experiments with the peptide library, mAB 1 5B3 
in binds to several distant peptides as would be expected for a conformation-sensitive mAB 

The specificity of the antibody I5B3 was further confirmed by immunoprecipilalion 
(Figuie 8) While 6M4 precipitated PrP from normal as well as PrpSc-containing 
homogenales,. 15B3 precipitated only PrpSc f I0in j n(e cted cattle, mice or humans (Figuie 
I A, C, D, respectively). The precipitated PrP was shown to be protease resistant (Figure 
IS IB, C.D) For immunoprecipitation, 200 nl 1 % brain homogenates were incubated for 2 h 
at room temperature with 200 \xl 0,25 ug/ml antibody-containing serum-free medium, after 
inclubation with additional 50 \i\ protein A- or protein G-coupIed agarose (for 15B3 and 
6H4, respectively; Boehringer Mannheim) for 2 h at room temperature, agarose beads were 
centrifuged and the pellet washed according to the manufacturer. Pelleted proteins were 
20 analyzed on Western blots. 



Example 3: Reduction of infectivity of prions by monoclonal antibodies 

Brain homogenates from BSE-infected cattle are obtained as described in example 
I 1 The exact amount of present bovine PrpSc are meaS ured with the help of the ELIFA 
technique or the ELISA technique as descibed in examples I 3 to I 5, respectively Serial 
dilutions of this infected brain homogenate are aliquoted To these serial dilutions are added 
the preferred mABs 6H4 or 34C9 or I5B3, or a mixture thereof, in molar amounts 
exceeding the molar amounts of measured PrpSc The mix is incubated for 4h at RT and 
then 100 u.1 are injected intracerebral^ into the animal Transgenic mice overexpressing 
mouse PrP (tg35, Fischer et al . 1996) are used as an animal mode! for measuring the 
infectivity of bovine PrP^ c 
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List of buffer s ami solutions 



HI -medium 450 ml iscove's modified Dulbecco s medium (G1BCO) 



10 ml sterile human serum 

5 mi glutamine (200 mM) 

5 ml hypoxanthine (10 mM)/thymidine (J 5 mM) 

5 ml penicillin (10000 lU/ml)/streptomycin (iOOOOjig/ml) 

250 jaI sterile P-inercaploethanoi 



HAT-mediuni HT-medium + 2mM aminopterin 



TBS 



20 mM Tris pH 7 5 



ISOmMNaCl 



0 05% Tween 20 



TBST 



20 mM Tris pH 7,5 



150 niM NaCl 



0 05% Tween 20 



5 Deposit of Microorganisms 



The hybridoma cell lines were deposited under the Budapest Treaty at the Deutsche 
Sammlung von Mikroorganismen und Zellkulturen GmbH, Mascheroder Weg lb, D- 
381324 Braunschweig, as follows; 



I . Hybridoma cell line producing mAB 34C9: DSM ACC2295, deposited February 06, 



1997 



2 



Hybridoma cell line producing mAB 6H4 DSM ACC2296, deposited February 06, 



1997 



3 



Hybridoma cell line producing mAB 1 5B3 DSM ACC2298, deposited February 13, 



1997 



15 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

S 

(i) APPLICANT: 

(A) NAME: Kanton Zuerich vertreten durch die 

Erziehungsdirekt ion 

(B) STREET: Walchetor 
10 (C) CITY: Zuerich 

(D) STATE: Zuerich 

(E) COUNTRY: Switzerland 

( F } POSTAL CODE (ZIP): CH-8090 
(G) TELEPHONE: +41-1-259 2388 

15 

(ii) TITLE OF INVENTION : Immunological Detection of Prions 
(iii) NUMBER OF SEQUENCES : 9 

20 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 



25 



30 



40 



55 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: EP 97102837.8 

(B) FILING DATE: 21-FEB-1997 



(2) INFORMATION FOR SEQ ID NO: 1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 660 base pairs 
35 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

45 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Bos taurus 

(D) DEVELOPMENTAL STAGE: Adult 

(vii) IMMEDIATE SOURCE: 
50 (B) CLONE: pbPrP3 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 1: 
ATGAAGAAGC GACCAAAACC TGGAGGAGGA TGGAACACTG GGGGGAGCCG ATACCCAGGA 60 
CAGGGCAGTC CTGGAGGCAA CCGTTATCCA CCTCAGGGAG GGGGTGGCTG GGGTCAGCCC 120 
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CATGGAGGTG GCTGGGGCCA GCCTCATGGA GGTCGCTGGG GCCAGCCTCA TGGAGGTGGC 180 

TGGGGTCAGC CCCATGGTGG TGGCTGGGGA CAGCCACATG GTGGTGGAGG CTGGGGTCAA 240 

GGTGGTACCC ACGGTCAATG GAACAAACCC AGTAAGCCAA AAACCAACAT GAAGCATGTG 3 00 

GCAGGAGCTG CTGCAGCTGG AGCAGTGGTA GGGGGCCTTG GTGGCTACAT GCTGGGAAGT 360 

GCCATGAGCA GGCCTCTTAT ACATTTTGGC AGTGACTATG AGGACCGTTA CTATCGTGAA 420 

AACATGCACC GTTACCCCAA CCAAGTGTAC TACAGGCCAG TGGATCAGTA TAGTAACCAG 480 

AACAACTTTG TGCATGACTG TGTCAACATC ACAGTCAAGG AACACACAGT CACCACCACC 5 40 

15 ACCAAGGGGG AGAACTTCAC CGAAACTGAC ATCAAGATGA TGGAGCGAGT GGTGGAGCAA 600 

ATGTGCATTA CCCAGTACCA GAGAGAATCC CAGGCTTATT ACCAACGAGG GGCAAGTTAA 660 

20 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 amino acids 

(B) TYPE: amino acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

30 (iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 
35 (A) ORGANISM: Bos taurus 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Lys Lys Arg Pro Lys Pro Gly Gly Gly Trp Asn Thr Gly Gly Ser 
15 10 15 

Arg Tyr Pro Gly Gin Gly Ser Pro Gly Gly Asn Arg Tyr Pro Pro Gin 
20 25 30 

Gly Gly Gly Gly Trp Gly Gin Pro His Gly Gly Gly Trp Gly Gin Pro 
35 40 45 



40 



45 



His Gly Gly Gly Trp Gly Gin Pro His Gly Gly Gly Trp Gly Gin Pro 
50 50 55 60 

His Gly Gly Gly Trp Gly Gin Pro His Gly Gly Gly Gly Trp Gly Gin 
65 70 75 80 

55 Gi y Gi y T ^r His Gly Gin Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn 

85 90 95 

Met Lys His Val Ala Gly Ala Ala Ala Ala Gly Ala Va L Val Gly Gly 
100 105 no 
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U>u Gly Gly Tyr Met Leu Gly Sei Ala Met Ser Arg Pta Leu lie His 
115 120 125 

Piie Gly Ser Asp Tyr Glu Asp Atg Tyr Tyr Atg Glu Asn Met. His Arg 
130 135 140 

Tyr Pro Asn Gin Val Tyr Tyr Arg Pro Val Asp Gin Tyr Ser Asn Gin 

150 155 160 

Asn Asn Phe Val His Asp Cys Val Asn He Thr Val Lys Glu His Thr 
165 170 175 

Val Thr Thr Thr Thr Lys Gly Glu Asn Phe Thr Glu Thr Asp lie Lys 
I* 180 185 190 

Met Met Glu Arg Val Val Glu Gin Met Cys He Thr Gin Tyr Gin Arg 
195 200 205 

20 Glu Ser Gin Ala Tyr Tyr Gin Arg Gly Ala Ser 

210 215 

(2) INFORMATION FOR SEQ ID NO : 3: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 



30 



35 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide' 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE; NO 



40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGGAATTCCA TATGAAGAAG CGACCAAAAC CTG 33 
45 (2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



50 



55 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "oligonucleotide" 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: u 

CGGGATCCTA TTAACTTGCC CCTCGTTGGT A 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 
(A> LENGTH: 5 amino acids 
10 ( B ) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



15 



20 



25 



(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



Leu He His Phe Gly 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

30 (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: YES 
40 (iv) ANTI-SENSE: NO 



31 



45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu 
1 5 

50 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

55 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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( Hi ) HYPOTHETICAL: YES 
( iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

10 Gly Ser Asp Tyr Glu Asp Arg 

I 5 

(2) INFORMATION FOR SEQ ID NO: 8: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: YES 



25 (iv) ANTI-SENSE: NO 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Tyr Tyr Arg Pro Val Asp Gin Tyr Ser 



1 5 
35 (2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

40 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

45 (iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 



50 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9: 

Cys He Thr Gin Tyr Gin Arg Glu Ser Gin Ala Tyr Tyr 
55 1 5 io 
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BUDAPEST TREATY ON TIDE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT PKOCEOURE 



INTERNATIONAL FORM 



Dr. Carsten Korth 

Dr. Bruno Oesch 

Institut fur Hirnf orschung 

Universitat Zurich 

August-Forelstr. 1 viability statement 

CH-8029 Zurich Issued pursuant to Rule 102 by the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



I. DEPOSITOR 


II. IDENTIFICATION OF THE MICROORGANISM 


Nunc. Dr. Carsten Korth 

Dr. Bruno Oesch 
Address: Institut fur Hirnf orschung 

Universitat Zurich 

August-Forelstr. 1 

CH-8029 Zurich 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM ACC2295 

Date of the deposit or the transfer 1 : 

1997-02-06 


III. VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested on 1997-02-07 1 . 
On that date, the said microorganism was 

(X) 1 viable 

( )' no longer viable 


IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED* 




V, INTERNATIONAL DEPOSITARY AUTHORITY 


Name. DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROORGANISMEN UND ZELLKULTUREN GmbH 

Address Mascheroder Wcg 1 b 
D-38I24 Braunschweig 


Signaturc(s) of person(s) having the power to represent the 
International Depositary Authority or of authorized ofTicial(s) 

Date: 1997-02-19 



Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant date (date of the new deposit or 
date of the transfer). 

In the cases referred to in Rule 10.2(a) (ii) and (iii). refer to the most recent viability test 
Mark with a cross the applicable box. 

Fill in if the information has been requested and if the results of the test were negative 



Form DSMZ-BP/9 (sole page) 0196 
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BUDAPEST TREATY ON THE INTERJ^A^IONAl 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS. 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Dr. Carsten Korth 

Dr. Bruno Oesch 

Institut fur Hirnf orschung 

Universitat Zurich 



August -Forelstr. 1 
CH-8029 Zurich 




RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 


1. IDENTTFICATION OF THE MICROORGANISM 


Identification reference given by the DEPOSITOR 
6H4 




Accession number grven by the 
INTERNATIONAL DEPOSITARY AUTHORITY. 




DSM ACC2295 


II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 


The microorganism identified under I. above was accompanied by: 






( ) a scientific description 

< ) a proposed taxonomic designation 






(Mark with a cross where applicable). 






Ill- RECEIPT AND ACCEPTANCE 


This International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 1997-02-06 
(Date of the original deposit) 1 . 


rv. RECEIPT OF REQUEST FOR CONVERSION 


The microorganism identified under 1 above was received by this International Depositary Authority on (date of original deposit) 
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on (date of receipt of request 
for conversion). 


V. INTERNATIONAL DEPOSITARY AUTHORITY 


Name. DSMZ-DEUTSCHE SAMMLUNG VON 

M2KROORGANISMEN UND ZELLKULTUREN GmbH 




Signature(s) of pcrson(s) having the power to represent the 
International Depositary Authority or of authorized ofTicutl(s) 


Address Mascherodcr Weg lb 
D-3S124 Braunschweig 




Date. 1997-02-19 



* Where Rule 6 4 (d) applies, such date is the date on which the staius of international depositary authority was acquired 



Form DSMZ-BP/4 (sole page) 0196 ^ 
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BUDAPEST TREATY ON THE rNTTZW * TTON \L 
RECOGNITION OF THE DEPOSIT OF MICROORGANISM^ 
FOR THE PURPOSES OF PATENT PROCEDITC: 



INTERNATIONAL FORM 


Dr. Carsten Korth 

Dr. Bruno Oesch 

Institut fur Hirnf orschung 

Universitat Zurich 

August-Forelstr . 1 

CH-8029 Zurich 


VI ABILITY STATEMENT 
issued pursuant to Rule 10_2 by the 

INTERNATIONAL DEPOSITARY AUTHORTTY 
identified at the bottom of this page 


I. DEPOSITOR 


H. IDENTIFICATION OF THE MICROORGANISM 


Name: Dr. Carsten Korth 

Dr. Bruno Oesch 
Address: Institut fur Hirnf orschung 

Universitat Zurich 

August-Forelstr. 1 

CH-8029 Zurich 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM ACC2296 

Date of the deposit or the transfer 1 : 
1997-02-06 


IIL VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested on 1997-02-07 2 . 
On that date, the said microorganism was 


PC) 1 viable 

( )' no longer viable 




IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED* 




V. INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROORGANISMEN UND ZELLKULTUREN GmbH 

Address: Mascheroder Weg lb 
D-3S124 Braunschweig 


Signature^) of pcrson{s) having the power to represent the 
International Depositary Authority or of authorized official(s) 

Date: 1997-02-19 



Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant date (date of the new deposn or 
date of the transfer). 

In the cases referred to in Rule 102(a) (ii) and (iii). refer to the most recent viability test 
Marie with a cross the applicable box. 

fill in if the informatjon has been requested and if the results of the test were negative 



Form DSMZ-BP/9 (sole page) 0196 
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BUDAPEST TREATY ON THE INTERNA HON Al . 
RECOGNITION OF THE DEPOSIT OF M!CP.OORGA> t ISM5. 
FOR THE PURPOSES OF PATENT PROCEDURE 



INTERNATIONAL FORM 



Dr. Carsten Korth 

Dr. Bruno Oesch 

Institut fur Hirnf orschung 

Universitat Zurich 

August -Forelstr. 1 

CH-8029 Zurich 



RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 



IDENTIFICATION OF THE MICROORGANISM 



Identification reference given by the DEPOSITOR: 
34C9 



Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY. 

DSM ACC2296 



IL SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 



The microorganism identified under I. above was accompanied by: 

( ) a scientific description 
( ) a proposed uxonomic designation 

(Mark with a cross where applicable). 



UL RECEIPT AND ACCEPTANCE 



This International Depositary Authority accepts the microorganism identified under L above, which was received by hen 1997-02-06 
(Date of the original deposit) 1 . 



IV. RECEIPT OF REQUEST FOR CONVERSION 



The microorganism identified under 1 above was received by this International Depositary Authority on (date of original deposit) 
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on (date of receipt of request 
for conversion). 



V. INTERNATIONAL DEPOSITARY AUTHORITY 



Name: 



DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROORG AN ISMEN UND ZELLKULTUREN GmbH 



Address Mascheroder Weg lb 
0-38 124 Braunschweig 



Signatures) of person(s) having the power to represent the 
International Dcposrauy Authority or of authorized officially 

6/ Lc^Ol^^ 



D«c. 1997-02-19 



1 Where Rule 6.4 (d) applies, such due is Uie date on which the sums of mternatwnal depositary authority was acquired 
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BUDAPEST TREATY ON THE INTERNA tlONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR THE PURPOSES OF PATENT HROCEDUFF 



INTERNATIONAL FORM 



Universitat Zurich 
Institut fur Hirnf orschung 
August -Forelstrasse 1 
CH-8029 Zurich 




VIABILITY STATEMENT 

issued pursuant to Rule 10.2 by the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 


L DEPOSITOR 


IT IDENTIFICATION OF THE MICROORGANISM 


N*mc. Universitat Zurich 

Institut fur Hirnf orschung 
Address: August - Forelstrasse 1 

CH-8029 Zurich 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY . 
DSM ACC2298 

Date of the deposit or the transfer': 

1997-02-13 


m. VIABILITY STATEMENT 


The viability of the microorganism identified under II above was tested on 1997-02-14 * . 
On that date, the said microorganism was 


(X)' viable 

( )* no longer viable 






IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED 4 




V. INTERNATIONAL DEPOSITARY AUTHORITY 


Name: DSMZ-DELTTSCHE SAMMLUNG VON 

MIKROORGAN1SMEN UND ZELLKULTUREN GmbH 

Address: Mascheroder Weg lb 
D-38124 Braunschweig 


Sigiuuure(s) of person(s) having the power to represent the 
International Depositary Authority or of authorized officials). 

Date: 1997-02-27 



Indicate the date of original deposit or, where a new deposit or a transfer has been made, the most recent relevant date (date of the new deposu 
date of the transfer) 

In the cases referred to in Rule 10.2(a) (u) and (tii), refer to the most recent viability test. 
Mark with a cross the applicable box 

Fill in if the information has been requested and if the results of the test were negative. 



Form DSMZ-BP/9 (sole page) 0196 
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BUDAPEST TREATY ON 77 E INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 
FOR TtfE PURPOSES OF PATENT PROCEDURE' 



INTERNATIONAL FORM 



Universitat Zurich 
Institut fur Hirnf orschung 
August -Forelscrasse 1 
CH-8029 Zurich 


RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the 

INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page 


i. IDENTIFICATION OF THE MICROORGANISM 


Identification reference given by the DEPOSITOR: 
15B3 


Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY: 

DSM ACC2298 


II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION 

: : 


The microorganism identified under I. above was accompanied by: 


I 

■ 

i 


{ ) a scientific description 

{ ) a proposed taxonomic designation 


i 
t 
i 
I 


(Mark with a cross where applicable). 


i 


Hi. RECEIPT AND ACCEPTANCE 


TVis International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 1997-02-13 
Pate of the original deposit)'. 


IV. RECEIPT OF REQUEST FOR CONVERSION 


The microorganism identified under I above was received by this International Depositary Authority on (date of original deposit) 
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on (date of receipt of request 
for conversion) 


V. INTERNATIONAL DEPOSITARY AUTHORITY 


Name. DSMZ-DEUTSCHE SAMMLUNG VON 

MIKROORGANISMEN UND ZELLKULTUREN GmbH 


Signatures) of pcrsort(s) having the power to represent the 
International Depositary Authority or of authorized official(s): 


Address: Mascherodcr Weg lb 
D-38124 Braunschweig 


Date 1997-02-27 



1 Where Rule 6 4 (d) applies, such date is the date on which the status of international depositary authority was acquired 
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CLAIMS: 

I A monoclonal antibody 01 a fragment thereof capable of specifically binding to 
native and denatured normal (PrP^ ) and disease-specific prion protein (PrP Sc ) in an 
antigen-antibody complex 
^ 2 A monoclonal antibody according to claim 1 which is only capable of binding to 

native disease-specific prion protein and not to native normal prion protein 

3 A monoclonal antibody according to claim 1 wherein the prion protein is soluble 

4 A monoclonal antibody according to claim 1 wherein the prion protein is 
insoluble 

10 5 A monoclonal antibody according to claim 1 wherein the prion protein is a 

recombinant prion protein 

6 A monoclonal antibody according to claim 1 wherein the prion protein is i educed 
7. A monoclonal antibody according to claim 1 wherein the prion piotein is 

oxidized. 

15 8. A monoclonal antibody according to claim 1 which is named 6H4 

9. A monoclonal antibody according to claim 1 which is named 34C9 
10 A monoclonal antibody according to claim 1 and 2 which is named I5B3 
il . A monoclonal antibody according to claim 1 which comprises an epitope binding 
fragment of anyone of the monoclonal antibodies 6H4 or 34C9 or 1 5B3 
20 12. A monoclonal according to claim 1 or 2 coupled to other molecules especially 

fragments of other antibodies, enzymes or organic chemical compounds 

13. Aji antibody raised against the binding region (idiotype) of the antibodies 
according to claim 1 or 2. 

14. A hybridoma cell line capable of producing a monoclonal antibody according to 
25 anyone of claims 1-13. 

15. A hybridoma ceil line according to claim 14 deposited under DSM ACC2295 
cabable of producing the monoclonal antibody 6H4. 

16. A hybridoma cell line according to claim 14 deposited under DSM ACC2296 
cabable of producing the monoclonal antibody 34C9 

™ 17 A hybridoma cell line according to claim 14 deposited under DSM ACC2298 

cabable of producing the monoclonal antibody 15B3 
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18 A iccombmant piotem derived from cloning [)i otcm-coding sequences fiom ceil 
lines accoi ding to claims 15, 16, 17 

19 A recombinant protein according to claim 18 where the proletn is expiessed in a 
phage display system or any other system and affinity maturated 

*> 20 A lecombinant expression vector for the expression of the bovine prion protein 

21 A recombinant expression vector according to claim 20 which is named pbPrP3 

22 The purified recombinant bovine prion protein in reduced or oxidized form or in 
foim of a mixture thereof 

23 A recombinant piotem according to claim 22, where the purified recombinant 
10 prion protein is from any species 

24. A method for the production of an antibody according to claim 1, comprising 
culturing a hybridoma cell line accoi ding to claim 14 and isolating the monoclonal antibody 
from the supernatant 

25. A method for the production of a hybridoma cell line according to claim 14, 
15 comprising administering to PrpO/0 m j ce (knockout mice without a functional PrP gene) an 

immunizing amount of a prion protein according to claim 22 or 23, removing the spleen 
from the immunized mice, recovering splenocytes therefrom, fusing the latter with a 
myeloma cell line, growing the fused cells in a selection medium, screening the antibodies in 
the supernatants of hybridoma cells for binding to native disease-specific and recombinant 
20 Pr P and isolating the hybridoma cells producing monoclonal antibodies according to claim 
I 

26 A method for the production of antibodies according to claims 1 or 2 comprising 
administering an immunizing amount of a prion protein according to claim 22 or 23 to 
p r p0/0 mice 

25 27 A method for the pioduction of a hybridoma cell line according to claim 26 

where the immunized species is a wild-type mouse, a transgenic mouse or any other wild- 
type or transgenic species. 

28 A method for the production of an expression vector according to claim 20, 
comprising inserting a DNA coding for the bovine PrP in the correct reading frame into an 

W expression vector 
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2 C ; A method feu (he production of a purified bovine Pi P protein comprising 
culturing a miciooiganism 01 eukaryotic celi line with an cxpiession vector according to 
claim 20 in an apropnate culture medium arid isolating and purifying the protein 

30 A test kit for the diagnosis of prion diseases comprising one or mote 
5 monoclonal antibodies according to claim 1, purified recombinant bovine PrP protein 
accoiding to claim 23, nitrocellulose sheets, mtciotiter plates coated or covalently linked 
with monoclonal antibodies according to claim 1, an antibody that is coupled with an 
enzyme and its substrate for a detection leaction, piotetnase K, blocking buffer, 
homogenisation buffer and a detailed desciiption of how to peiform the test 
in 31 A test kit according to claim 30 comprising a nitrocellulose membrane in the 

dipstick format coated with an antibody according to claim 1 or 2, a dilution buffer, a 
solution containing an antibody according to claim 1 or 2, coupled to colloids evoking a 
colouring reaction when present in an antigen-antibody complex, and a detailed description 
of how to perform the test 
15 32. An immunological detection procedure for the detection of disease-specific PrP 

in biological material of an animal or human comprising treatment of a probe of said 
material with proteinase K and then with the monoclonal antibody according to claim 1 oi 
2, detecting the prion protein-antibody complex and analysing the results. 

33. An immunological detection procedure according to claim 32 comprising 
20 treatment of a probe of said material with the monoclonal antibody according to claim 2 

without prior treatment with proteinase K, detecting the prion protein-antibody complex 
and analysing the results 

34. A method according to claims 30 to 32 where instead of using a monoclonal 
antibody recombinant prion protein according to claims 22 and 23. 

25 35. A pharmaceutical preparation for the therapy and prevention of prion diseases 

comprising a monoclonal antibody or fragments thereof according to claim 1 or 2 and a 
pharmaceutical carrier. 

36 A method for the therapy or prevention of prion diseases comprising 
administering to a patient suffering from such disease or being likely to becomming a victim 

30 of this disease a therapeutical or preventive amount of a monoclonal antibody according to 
claim 1 or 2. 

37 A method for clearing biological material from prions comprising treating said 
material with a monoclonal antibody according to claim I or 2 
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"iS /\ method foi the therapy ot pievuntiou of pi ion diseases, or the vaccination 
against pi ion diseases comprising administering to a patient or an animal sutler ing from 
such a diseases or being likely to becoming a victim of this disease a therapeutical or 
preventive amount of recombinant PrP 01 fragments thereof according to claim 22 or 23 

39 Use of a monoclonal antibody according to claims I or 2 or recombinant PiP or 
fragments thereof according to claim 22 or 23 for the production of a medicine or a vaccine 
for the therapy or prevention of prion diseases, oi the vaccination against prion diseases 
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Figure 1 
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Figure 3 
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Figure 4 



Capture-ELISA and multimeric PrP^ 
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Figure 7 




Peptides 59-63 comprising amino acids 149-153 of BoPrP 
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Peptides 64-66 comprising amino acids 155-163 of BoPrP 
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Peptides 62-65 comprising amino acids 1 53-1 59 of BoPrP 
Peptides 73-75 comprising amino acids 173-181 of BoPrP 
Peptide 102 comprising amino acids 225-237 of BoPrP 
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Declaration and Power of Attorney for Patent Application 
Erklarung Fur Patentanmeldungen Mit VoIImacht 
German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit an Eides 
Statt: 

dass niein Wohnsitz, meine Postanschrift, und meine 
Staatsangehongkeit den mi Nachstehenden nach meinem Namen 
aufgefiihrten Angaben entsprechen, 

dass ich, nach bestem Wissen der urspriinghche, erste und 
alleinige Erfinder (falls nachstehend nur ein Name angegeben 
ist) oder ein urspriinglicher, erster und Miterfinder (falls 
nachstehend mehrere Namen aufgefuhrt sind) des Gegenstandes 
bin, fur den dieser Antrag gestellt wird und fur den ein Patent 
beantragt wird flir die Erfindung mit dem Titel : 

PrPSc-spez. Antikoerper 



As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
below next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled: 



IMMUNOLOGICAL DETECTION OF PRIONS 



deren Beschreibung 
(zutreffendes ankreuzen) 

[x] hier beigefugt ist. 

[ ] am unter der 

Anmeldungsseiennummer 

eingereicht wurde und am 

abgeandert wurde (falls tats&chlich abgeandert). 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschhesslich der Anspruche durchgesehen 
und verstanden habe, die eventuell dutch einen Zusatzantrag wie 
oben erwahnt abgeandert wurde. 

Ich erkenne meine Pflicht zur Offenbarung irgendwelcher 
Informationen, die fur die Prufung der vorliegenden Anmeldung 
in Einklang mit Absatz 37, Bundesgesetzbuch, Paragraph 1.56(a) 
von Wichtigkeit sind, an. 

Ich beanspruche hiermit auslandische Prioritatsvorteile gemass 
Abschnitt 35 der Zivilprozessordnung der Vereinigten Staaten, 
Paragraph 1 19 aller unten angegebenen Auslandsanmeldungen 
fur ein Patent oder eine Erfmdersurkunde, und habe auch alle 
Auslandsanmeldungen fur ein Patent oder eine Erfmdersurkunde 
nachstehend gekennzeichnet, die ein Anmeldedatum haben, das 
vor dem Anmeldedatum der Anmeldung liegt, fur die Prioritat 
beansprucht wird. 



the specification of which 
(check one) 

[X] is attached hereto. 

f ] was filed on 

Application Serial No. 
and was amended on 



(if applicable) 

I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to the examination of this application in accordance with Title 
37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United 
States Code, §119 of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified below 
any foreign application for patent or inventor's certificate having 
a filing date before that of the application on which priority is 
claimed. 
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- TO REN 



1^1006/007 



I oici "^chi lit iJr*. ^ rfintlcix 



V oiler Name <Jc*v <J» iiuutXlndir^ 



STaatsanRchfiri^lccii 








Postanschrift 




SirbeuchzcTsir, 9 




Zucnch 









Unlcrschri frd« ErOndcrs 



Vollcr Name des vicrtcn Erfindcrs 



J £rvno Oesch 
Wohnsitz 
SiillL 



Schwciz 



. SUalsanccrhOrigkcil 

7 Scfrwciz 



? Ponanschrift 

* Haldenstr. 13 



CH-S233 smij _ 



yy Schwgj^_ 



Irncnlor^ Signature ^y^' > > ^ Unit 
K_J~-~ Plill name of llttril in\cn(or I 



rclcrSlrrtfj — , 


Post Office Address 




Zurich 








Citizenship 




Swiss 




Posl Office Addf cvt 




Scjjfcucnzerw. 9 




CH-8006 Zimch 




Swii7er!and 



iJ^lum 



Full name of fourth joint inventor, if amy 



7 Dale 



Residence 

Stffli ^ , , 



Citizenship 

Swiss 



Posr Office Address 
Haldcnstr. 13 



CH-S233 StiHi 
SuHtzerTand 
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Fae Scnaeter & Hramel 



- TOREN 



l^] 005 ^ 00 



dor man Lan^ua^e Dec hi mi ion 



VLK IRI ]l-NOS^(Jl.l.M-\( 111 -\l> hcnuimk-f Lr finder 
hrjufiniijc idi hicnuil den nacUsieliOKi hcruiMimrM Paicmatiw jli 
(odcr tltc n^cltsichcntj h-cnanntcn Pjlcnunwdlic) uiidAxler 
Palcnt-Agcnicn mil dcr Vcrfolgung dcr \orlicgciidcn 
PaiCHtamnclduiig sowte mn dcr AbwickHiiig, aHcr damn 
vtrbundenen Gcsdiaflc vor tlcm Paicm-und WarcittCichcnamt 



PO^fkO! \riOMrsl-V As j namcil MHClMor. I hcr*.l»v 
"jppotiH (he KillmMfi^ iur>MK>(i) ancL'nr agents) \a nio>ccuu 
(Ins application ,md irans3c[ all business hi ihc Palcm am! 
Trademark Office conneciod therewith* 



David Toren 
Alexander Zinchuk 



Re^.No 19,468 
Re;/ No 30.541 



Telcfunucsprachc biuo nchtcn an 



Direct 'I clcphonc Calls lo. 



David Torcn 
BROWN & WOOD n h 
(212) 839-5300 



Posianschrifi 



Send Correspondence To: 

David Toren 
BROWN & WOOD lu> 
One World Trade Center 
New York, New York 10048-0557 



! Untcrschrif* Oca Erfinders 



Datum 



Inventor's Signature 



Date 



: Voller Name d« einri gen oder ursprutigfichen 
z Erfindcrs: 



Carsien Korth 



, Wohnsitz 

£ San Francesco, CA 



Full name of first or sole inventor 



CarsLcn Korth 



United Slates of America 



Residence 
San Francisco. CA 



United Slate s of America 



: ; StaatssngehCrlgkeit 

- : dcutsch 



: Pottanschrift 
i 534 CoteSHeq 



Citizenship 

German 



? San Francisco. California 94) ]? 



Post Office Address 

1534 Cole .Street 



jl United Sfates of Ameri ca 



San Franci&ea. (patifomifl 94 1 1 7 



United States of America AWITgERlAH ^" 



Unterschrift de* Erfinders 



Datum 



Voller Name des z»ei(tn Miterfinderj 
Beal ^fierfi 



Dacnik&n 



Inventor's Signature v Date 

Full name of second joint inventor, if any 

Beat Sticfli 

Residence 



Sehweiz 



jgagnikon 

Switzerland Cltf 



SraatsangerfioVigkcil 
Schweu 



Pcuranschrift 
Altc Landstr. 3» 
CH-Daenikori 



Citizenship 

Swiss 



Post Offic* Address 



CH-S1U D aemkon 



Switzerland 
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German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benannten Paten tan wait 
(oder die nachstehend benannten Patentanwiilte) und/oder 
Patent- Agenten mit der Verfolgung der vorliegenden 
Patentanmeldung sowie mit der Abwicklung aller damit 
verbundenen Geschafte vor dem Patent-und Warenzeichenamt: 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: 



David Toren 
Alexander Zinchuk 



Reg. No. 19,468 
Reg. No. 30541 



Telefongesprache bitte nchten an: 



Direct Telephone Calls to: 



David Toren 
BROWN & WOOD LLP 
(212) 839-5300 



Postanschrift: 



Send Correspondence To: 
David Toren 



BROWN & WOOD LLP 
One World Trade Cent er 
New York, New YorkT0048"-0557 



Unterschrift des Erfinders 



Datum j -^2X0 * nvent0I " ,s Signature 



Date 



V oiler Name des einzigen oder urspriinglichen 




Erfinders: 




Carsten Korth 




Wohnsitz 




San Francisco, CA 




United States of Amen c a 




Staatsangehorigkeit 




deutsch 




Postanschrift 




1534 Cole Street 




San Francisco, California 94 U 7 


United States of America 




Unterschrift des Erfinders 


Datum 


Voller Name des zweiten Miterfinders 




Beat Stierli 




Wohnsitz 




Daenikon 




Schweiz 




Staatsangerhdrigkeit 




Schweiz 




Postanschrift 




Alte Landstr. 38 




CH-Daenikon 


Schweiz 





Full name of first or sole inventor 



Carsten Korth 



Residence" 

SaaJEiandsco, CA 



CA 



United States o f Americ a 



Citizenship 

German 



Post Office Address 

1534 Cole Street 



San Francisco, California 94 11 7 



United States of America 



Inventor's Signature 



Date 



Full name of second joint inventor, if any 

Beat Stierli 



Residence 

Daenikon 



Switzerland 



Citizenship 

Swiss 



Post Office Address 

Alte Landstr. 38 



CH-81 14 Daenikon 



Switzerland 
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German Language Declaration 



Prior foreign applications 
Priontaet beansprucht 



Priority Claimed 



971 02 837.8 



Germany 



21 February 1997 



(Number) 
(Nummer) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Country) 
(Land) 



(Country) 
(Land) 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht 



(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht 



[X] 
Yes 
Ja 

[ ] 

Yes 

Ja 

[ ] 

Yes 

Ja 



[ ] 
No 
Nein 

[ 1 
No 
Nein 

[ ] 
No 
Nein 



Ich beanspruche hierrmt gemass Absatz 35 der Zivilpro- 
zessordnung der Vereinigten Staaten, Paragraph 120, den 
Vorzug aller unten aufgefiihrten Anmeldungen und falls 
der Gegenstand aus jedem Anspruch dieser Anmeldung 
nicht in einer fruheren amerikanischen Patentanmeldung 
laut dem ersten Paragraphen des Absatzes 35 der 
Zivilprozessordnung der Vereinigten Staaten, Paragraph 
112 offenbart ist, erkenne ich gemass Absatz 37, 
Bundesgesetzbuch, Paragraph 1 .56(a) meine Pflicht zur 
Offenbarung von Informationen an, die zwischen dem 
Anmeldedatum der fruheren Anmeldung und dem 
nationalen oder PCT mtemationalen Anmeldedatum 
dieser Anmeldung bekannt geworden sind. 



I hereby claim the benefit under Title 35, United 
States Code, §120 of any United States applications) 
below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States application in the manner provided by 
the first paragraph of Title 35, United States Code, 
§ 1 12, 1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal 
Regulations, § 1.56(a) which occurred between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 



PCT/EP98/00917 



(Application Serial No.) 
(Anmeldeseriennumer) 



18 February 1998 



(Filing Date) 
(Anmeldedatum) 



anhaengig 



(Status) 
(patentiert, anhangig, 
aufgegeben) 



pending 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriennumer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 
(patentiert, anhangig, 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegenden 
Erklarung gemachten Angaben nach meinem besten Wissen und 
Gewissen der vollen Wahrheit entsprechen, und dass ich diese 
eidesstattliche Erklarung in Kenntnis dessen abgebe, dass 
wissentlich und vorsatzlich falsche Angaben gemass Paragraph 
1001, Absatz 18 der Zivilprozessordnung der Vereinigten 
Staaten von Amerika mit Geldstrafe belegt und/oder Gefangnis 
bestraft werden koennen, und dass derartig wissentlich und 
vorsatzlich falsche Angaben die Giiltigkeit der vorliegenden 
Patentanmeldung oder eines darauf erteilten Patentes gefahrden 
konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statement and the like so made are punishable by fine or 
imprisonment, or both, under section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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I Mtc-i^ctii til Ut*v I iTt<i<k» n 



V «rirr Nanil. clc* fui'nricil Krfirulcrs 

MjiMk Mum;i 



Datum 



5 



Nch^ci? 

P&SUn-ichrift 

WanH'uwtr 2 5 

ril-BQ .V 7 Zucnch" 
S chwa? 




Full name (»r>C#-vi-t>f vole in^criln 
Marlon VJflvi-r 



r v^ i / 

Citizenship 

Swiss 



Po^ Office Add rots 

Waidftisssrr. 25! 

C:H-R037 Zurich 
Svi-itecrlaiifi 



Untcrschrifi Je*. Erfinders 



I nvciuor'j Signature 



I JAR 



Dale 



Vollcr Nam* <lvs zwciten Miterfindcrs 



Full name of second joint invtrUor, if any 



Staalsanget hCrigkcir 



Citizenship 



Po*tanschrift 



Tost OfTice Addrcsi 
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